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Introduction 


The discovery of microstructures resembling nanobacteria in the Mars meteorite 
ALH84001 (in close association with an assemblage of biomarkers) led to the 
interpretation of these bodies as possible indigenous microfossils of Martian 
microorganisms (McKay et al., 1996). These investigations and the resulting scientific 
debate highlighted the importance of recognizing the morphology and size distributions 
of nanofossils and microfossils, and of establishing indisputable biomarkers of the 
biochemical and geochemical evidence of extant or extinct life (see Westall et al., 1998). 
The profound significance of this conclusion greatly stimulated scientific research in the 
newly emerging multidisciplinary field of Astrobiology. Research on carbonaceous 
meteorites carried out independently in Moscow, Russia (Zhmur et al., 1997, Hoover ct 
al., 1998) and in Huntsville, Alabama USA (Hoover, 1997, Hoover et al., 1998) resulted 
in the detection of diverse assemblages of far larger and more complex biomorphic 
microstructures with bacterial and fungal morphologies. The ability to recognize 
definitive biomarkers and microfossils and to distinguish them from possibly non- 
biogenic relics and microstructures that may mimic biology (such as the fibrous kerite 
crystals investigated by N. Yushkin (Yushkin, 1996; 1998) is of great importance. Space 
missions now being planned in several countries should return astromaterials from Mars, 
comets, or other solar system bodies within the next decade. Therefore, it is imperative 
that these techniques and methods of investigation be established before this material 
becomes available. 

Great success has recently been obtained in a rapidly emerging new field that we 
have designated as “ Bacterial Paleontology’ 1 (Rozanov, Zavarzin, 1997; 1998). The 


recognition of bacterial microfossils has been significantly facilitated by studies of the 
artificial fossilization of recent bacterial communities (Lucas, Prevot, 1984; Krylov, 
Orleansky, 1988; Rozanov, Zhegallo, 1989; Briggs et al, 1993; Goncharova et al., 1993; 
Zhmur, 1993; Zhmur et al., 1993, 1995; Gerasimenko et al., 1994, 1996, 1998; Rozanov, 
Zavarzin, 1997; Jones, 1998; McKay et al., 1998). These publications elucidate 
remarkable model analogues: ancient microfossils in phosphorites and high carbon rocks 
were described and compared with living and dead microorganisms in recent 
cyanobacterial mats. These investigations have made it possible to decipher some of the 
complex biomorphic microstructures that have been encountered in carbonaceous 
chondrites. 

The paleontological study of phosphorites has greatly expanded over the past 

twenty years, extending beyond initial areas of research. In the 1970’s-1980’s there 

existed a need for the recognition of spatial and temporal relationships of the explosive 

appearance of hard skeletal organisms on the beginning of the Cambrian (Rozanov, 

Missarzhevsky, 1966; Rozanov, 1967; Rozanov et al., 1969; Sokolov, ed 1984; Brasier, 

1990, 1992; Repina, Rozanov, 1992; Rozanov, Zhuravlev, 1992; and many others) as 

well as the contemporary formation of the largest deposits of phosphorite in China, 

Mongolia, and Kazakhstan (Bushinsky, 1966; Cook, Shergold, 1979; Yanshin, Zharkov, 

1986). These phosphorite deposits were initially thought to be of chemical origin. 

However, the discovery of cyanobacterial mats in the Early Cambrian phosphorites was a 

very important event. It led to the reinterpretation of the genesis of phosphorites, which 

had previously been considered as typically chemogenic deposits (Ilyin, 1973, 1990). The 

investigation of bacterial fossils from earliest phosphorites together with experiments on 
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the artificial phosphatization and research on highly carbonaceous and other sedimentary 
rocks has yielded information of relevance to the new field of Astrobiology. 

Elena A. Zhegallo, A. Yu. Rozanov, G. T. Ushatinskaya, and A. L. Ragozina 
investigated the study of the microfossils from the phosphorites of the classical 
Khubsugul Basin. Later, Richard B. Hoover of the NASA Marshall Space Flight Center 
conducted collaborative studies with them. The rich material from the Khubsugul and 
Burenkhan deposits was used for that work. E. A. Zhegallo was in charge of the group, 
which collected this material during the 1979-1991 field seasons. The expedition team 
included N. A. Drozdova, V. D. Fonin, V. A. Luchinina, A. L. Ragozina, L. N. Repina, 
A. Yu. Rozanov, V. A. Sysoev, G. T. Ushatinskaya, Yu. I. Voronin. Geological and 
analytical materials were kindly provided by V. P. Arsent'ev, V. P. Karev, F. N. 
Lyudofun, P. V. Osokin and by E. A. Eganov. We are very grateful to our colleagues for 
their help and valuable information. 

Geological and Paleontological-Stratigraphical Data on the Khubsugul 

Phosphorite Basin 

N. A. Donov and E. V. Edemsky discovered the first phosphorite deposit in 
Mongolia in 1964 on the western coast of the Khubsugul Lake (fig.l). This discovery was 
followed in 1964-1967 by detailed investigations of the All-Union Air-Geological Trust 
and Zarubezhgeologia Institute. Besides the pioneer investigators, M. M. Muzylevsky, A. 
A. El’yanov and A. V. Ilyin took part in this work. They revealed that the Khubsugul 
Basin is among the largest phosphorite basins of the World. From 1968 to the present, 
the Khubsugul Phosphorite Basin was studied by 
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collaborators of the Geological and Paleontological Institutes, Institute of the Lithoshere 
(Russian Academy of Sciences), and Zarubezhgeologia Institute as well as the geological 
Institute of the Mongolian Academy of Sciences, which comprised the Joint Soviet- 
Mongolian Paleontological and Geological expeditions. Several other workers took part 
in the field work in this area during different years, including, Zh. Bjamba, I. S. 
Borovskaya, D. Dordzhnamzhaa, N. A. Drozdova, Mjagmar Dugaa, Ja. Erdenbilik, V. D. 
Fonin, T. N. Kheraskova, M. N. Korobov, A. V. Ilyin, B. Luvsandanzan, N. V. 
Pokrovskaya, A. L. Ragozina, G. I. Ratnikova, A. Yu. Rozanov, V. A. Sysoev, G. T. 
Ushatinskaya, Yu. I. Voronin, , N. S. Zaytsev, E. A. Zhegallo, and Z. A. Zhuravleva, as 
well as E. A. Eganov, V. A. Luchinina, and L. N. Repina representing the United Institute 
of Geology, Geophysics and Mineralogy (Siberian Branch, Russian Academy of 
Sciences). Special prospecting work was conducted by V. P. Arsent'ev, V. P. Karev, F. 
N. Lyudofun, P. V. Osokin, and I. N. Semeykin from the Soviet Geological Expedition of 
the Zarubezhgeologia Institute on the Khubsugul and Buren Khan deposits. 

The first publication on the Khubsugul phosphorites appeared in the “Sovetskaya 
Geologiya” magazine (Donov et ah, 1967). During the last thirty years several dozen 
monographs, papers, reports, and abstracts have been devoted to the Khubsugul Basin. 
The data on the Khubsugul deposit are included in numerous Russian and foreign 
summaries on phosphorites. The Khubsugul Basin is always listed among the large scale 
global phosphorite deposits (Cook, Shergold, e<A.1979; Yanshin, Zharkov, 1986; Ilyin, 
1990). 
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As a result of geological, lithological, stratigraphical, and paleontological 
investigations, the structure of the Khubsugul Basin and its rock succession have been 
determined, and the stratigraphic columns and geological maps scrutinized (figs. 2,3). 

The stratigraphic representation below is based on data by Ilyin (1973, 1990), 
Z.A.Zhuravleva (1974), Ilyin, Bjamba, (1980), Korobov (1980,1989), Nikiforov et al. 
(1995), Eganov (Shkolnik, Baturin, eds., 1998), reports of the Buren Khan Prospecting 
Expedition (1981-1984), as well as the authors' observations. 

The Khubsugul Phosphorite Basin is a syncline built by the Upper Riphean - 
Cambrian strata. Two thick groups are recognized here: the possible Upper Riphean 
Darkhat Group and Vendian - Lower Cambrian Khubsugul Group. 

The Darkhat Group is represented by its uppermost Arasan Formation which 
consists predominantly of siliciclastics and volcanics-siliciclastics, namely, green, gray, 
brown, or rare violet siltstone, sandstone, tuffaceous sandstone, and gravestone with some 
layers of grayish-cream pelitomorphic dolomite and lenses (1-2 m) of gray thin-grained 
limestone with oncolites. The Arasan formation thickness is about 1500 m. 

The Khubsugul Group lies unconformably on the Arasan Formation and is 
subdivided into three formations in the ascending order, Ongolik, phosphorite-bearing 
Khesen, and Erkhelnur formations. 

The Ongolik Formation overlies the Darkhat Group with a washout and basal 

quartz-feldspathic sandstone and gravelstone of about 2 - 15 m in thickness. They pass 

upward to gray bedded and massive dolostone, silicified in places, with rare oncolites and 

algamorphic texture. The uppermost part of the Ongolik Formation consists of 

conglomerate-breccia slump features and erosional surface. The formation thickness is 
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300-400 m. From the dolostone, Z.A. Zhuravleva recorded Ambigolamellatus horridus Z. 
Zhur., Volvatella vadosa Z. Zhur., and Vesicularites sp. These fossils indicate the 
Yudoman (at the Siberian Platform scale) or Vendian age. 

The Khesen Formation overlying the Ongolik Formation is subdivided into three 
members. The lower member consists of argillaceous limestones and calcareous shales 
with lenses of calcareous-dolomitic breccia and conglomerate-breccia. The middle 
member is the principal producing horizon of the formation and contains several 
phosphorite layers of the Khubsugul Basin. The phosphorite layers alternate with bedded 
and massive limestone and dolostone, in places with siliceous-aleuritic-argillaceous shale, 
and black chert. There are from one to five phosphorite horizons in the different parts of 
the member, which compose up to 10-15% of its thickness. 

The upper member begins with black amorphous chert of thickness from several 
meters to 50 m, overlian by dolostone and limestone with a significant admixture of 
argillaceous and arenaceous particles. The total thickness of the Khesen Formation varies 
from 350 to 600 m. According to Z.A. Zhuravleva (1974), there are microphytolite 
assemblages in all three members of the formation, including Nubecularites catagraphus 
Reitl., N parvus Z. Zhur., N. densus Z. Zhur., N. angulatus Z. Zhur., Radiosus 
marginatus Z. Zhur., Osagia senta Z. Zhur. From the middle part of the phosphorite 
member, we have distinguished Archaeooides sp., A. granulatus Qian, Tasmanites 
tenellus Volkova, Obruchevella sp., Spirellus sp., and filamentous cyanobacteria of 
Microcoleus group, belonging to genera, known from older rocks, namely, 
Siphonophycus robustum (Schopf) Knoll et al. 1991, S. typicum (Hermann) Butterfield 
(1994), S. solidum (Golub) Butterfield (1994), S.septatum (Schopf) Knoll et al. 1991, 
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Oscillatoriopsis obtusa Schopf,1968 (Ragozina, 1993). The forms listed above mostly 
span both the Upper Precambrian and Lower Cambrian, but Archaeooides, Tasmanites, 
Osagia senta, and several catagraphia ( Nubecularites ) appear from the Lower Cambrian 
Tommotian Stage only. The overlaying Erkhelnur Formation contains Atdabanian 
trilobites. Thus, the Khesen Formation is considered to be as Tommotian, Lower 
Cambrian age. 

The following Erkhelnur Formation overlies the Khesen Formation with a distinct 

washout. It begins from the basal member of 40 m thickness, which includes sandstone 

with gravelstone and breccia containing large clasts of sandstone consisting of 

redeposited phosphatic grains. A member overlaps the basal member, 200 m thick, of 

predominantly dolostone, argillaceous in places, with interbeds of dark gray chert. The 

uppermost member of the Erkhelnur Formation is over 1500 m in the thickness and 

contains a gray and dark gray limestone with interbeds of argillaceous shale and dark 

gray chert with breccia, in places, and scarce interbeds of dolostone. There are several 

levels with trilobites and archaeocyathids in the formation. Along the Khesen and 

Ongolik rivers Korobov (1980) found two levels with trilobites. The lower one is 400- 

550 m above the base of the formation and contains Archaeaspis sp., Malykania ongolica 

Korob., Elganellus dilatatus Korob., E. pensus Suv., E. elegans Suv., E. probus Suv., E. 

elongatus E. Rom., Resserops kharganicus Korob., Pseudoresserops obesus Korob., 

Minusella priva Korob. The upper level is 250 m above the lower one, spans about 250 

m and contains Bulaiaspis taseevica Rep., Fallotaspidella chesenica Korob., and 

Fallotaspis mongolicus Korob. Archaeocyathids are not found in these sections, but in 

the Urundushi Ula section that is 16 km to the North-North-East from the Khesen and 
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Ongolik sections, IP in collected archaeocyathids from four levels of the formation, and 
they were identified by I. T. Zhuravleva (Ilyin, Zhuravleva, 1968). The lower level 
approximately corresponds to the lower trilobite level and includes: Archaeolynthus sp., 
Rotundocyathus sp., Nochoroicyathus howelli (Vol.) The second level (250 m above) 
contains: Rotundocyathus ex gr. khemtschikensis (Vol.), Nochoroicyathus ex gr. 
mariinskii Zhur. 150 m above, at the third level, Rotundocyathus sp., Kaltatocyathus sp., 
Tumuliolynthus sp., Nochoroicyathus sp., Capsulocyathus sp., and Dictyocyathus sp. are 
distinguished. Four hundred meters above, at the fourth level, the assemblage includes 
Nochoroicyathus ex gr. mariinskii Zhur., Rotundocyathus ex gr. salebrosus (Vol.), 
Tumuliolynthus ex gr. karakolensis Zhur., Dictyocyathus sp., and Dictyofavus bipartita 
(Vol.). All these assemblages are of the upper Atdabanian age. However the uppermost 
Erkhelnur Formation can be even the early Botomian age. 

At the Burenkhan deposit area, the upper Erkhelnur Formation contains numerous 
Botomian archaeocyathids: Palaeoconularia baileyi (Vol.), Sibirecyathus naletovi Vol., 
Formosocyathus vermiculatus (Vol.), Tubericyathus clathratus Vol., Ciathricoscinus 
vassilievi (Vol.), C. dentatus (Vol.), Claruscoscinus billingsi (Vol.), Archaeocyathus 
operosus (Zhur.) (A. Yu. Zhuravlev's data). 

The tuffaceous-siliciclastic Ukhutologoy Formation (500 m thick) overlies the 
Erkhelnur Formation with a break. At the southern border of the Khubsugul Lake, this 
formation contains archaeocyathids (I. T. Zhurvleva’s data): Irinaecyathus ex gr. ratus 
(Vol.) and Pycnoidocyathus sp. (Ilyin, 1973), which are of the Botomian age. 

The data on the Khubsugul area allow us to consider that the principal phase of 
the ancient phosphorite accumulation is restricted to the Tommotian epoch 


8 


(Luvsandanzan, Rozanov, 1984, Rozanov, 1992; Gerasimenko et al., 1996), and not to a 
wider Vendian - Early Cambrian interval (Yanshin, 1964, 1982; Yanshin, Zharkov, 1986, 
Ilyin, 1990). 

Paleogeography 

All the authors ascribe the Khubsugul Basin phosphorites to the marine 
sedimentation type. However, much conflicting evidence is published on the 
contemporary paleogeography of this region (Ilyin, 1973,1990; Yanshin, 1982, Zaytsev, 
1982, 1992; Bjamba, 1987). This picture probably resulted from the attempts of the 
authors to connect their data with changeable tectonic concepts of the 1970 s and 1980 s. 
Although the tectonic situation is still not clear enough, some data, which were ignored 
earlier, have allowed us to describe a probable paleogeography, where the Khubsugul 
phosphorite accumulation occurred. 

Regional-geological data. (1) The region is located at the moderately active 
peripheral border of the Siberian craton. (2) The producing member is probably 
Tommotian Khesen Formation of thickness from 350 to 600 m. The Atdabanian strata are 
about 2000 m in thickness, and the Botoman and Toyonian strata have thickness of 500 
m. Thus the total thickness of the Lower Cambrian strata in the Khubsugul Basin is about 
3000 m, which is comparable with the Lower Cambrian thickness on the south-western 
Siberian Platform. (3) The width of the Lower Cambrian rocks is about 80 km, and 
because it is a simple synclinal structure with very steep angles, the width of the basin, 
where the phosphorite accumulation occurred, had to exceed 160 km. (4) According to 
the present conceptions, the Khubsugul Basin abutted upon the Murzin Uplift on the 
North-West and upon the East-Khubsugul Uplift on the North-East and communicated 
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with the Siberian Platform basin between them (Ilyin, 1973). On the South, the 
Khubsugul Basin could connect with basins of the Altay Sayan Foldbelt and China. (5) 
There are the quite correct paleomagnetic data for the south-eastern part of the Siberian 
Platform and for Dzabkhan zone of Mongolia (Kirschvink,Rozanov, 1979, 1984; 
Kirschvink et al., 1987, 1991; Evans et al., 1996 ). These data allow us to consider that 
both of the above mentioned regions were located probably within the equatorial zone 
and the distance between them may be more or less the same now as it was in the Lower 
Cambrian. 

Biogeographic and paleontologic data. (1) The occurrence of abundant mat- 
building filamentous cyanobacteria in the phosphorite layers of the Khesen Formation 
suggests their formation within the photic zone (the first dozen meters of depth). The 
wide development of cyanobacteria! mats also indicates low hydrodynamics. The 
absence of normal marine fauna is worth attention. (2) There are remains of acritarchs 
(phytoplankton), Tasmanites, Leiosphaeridia together with diverse Archaeooides species 
in several of the phosphorite layers. The latter ones are known from South China and 
South Australia and indicate episodic southern connections of the Khubsugul Basin. ( 3 ) 
The oldest (middle Atdabanian) trilobites include genera and even some species which 
are very typical of the “Western” facies basin of the Siberian Platform (Khomentovsky, 
Repina, 1965; Rozanov, Sokolov, 1984; Repina, Rozanov, eds., 1992). In addition, the 
trilobites are restricted to shallow facies exclusively (Repina, 1982). (4) Late Atdabanian 
and Botomian archaeocyathids are typical Altay Sayan, and more exactly Tuvinian, 
species. Archaeocyathan-algal reefs are also shallow water indicators. 
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Lithological data. (1) Very fine bedding is typical of the producing member and 
the overlying and underlying strata. In the producing member the thin bedding combines 
with the microstromatolites. According to Ilyin (1990) and Eganov's (Shkolnik, 
Baturin, ecft., 1998) data, there are desiccation cracks in the northern part of the basin. 
Futhermore, several beds contain authigenic breccia and bamboo conglomerate. All these 
indicate shallow water, with calm enough conditions, which were sometimes interrupted 
by storms or seismic events. (2) Many researchers noted the absence of glauconite, which 
together with other features (Sr/Ba ratio, see below) can indicate a salt imbalance. (3) An 
exclusively small proportion of siliciclastics in the phosphorite of the producing member 
is observed (Ilyin, 1990; Shkolnik, Baturin, eds., 1998), and can be indicative of the 
peneplanation of the land adjacent to the northern part of the basin. 

Geochemical data. The multiple studies of geochemical features of the 
Khubsugul Basin phosphorites is carried out, but mostly in the search of data related to 
the prospecting use of the phosphorites (S, Cu, Cr, Co, Ni, Pb, Ba, etc. content). The data 
on C org , Sr, Ba, and Nd can be of interest for the examination of the Khubsugul 
phosphorites as the model object. 

C org (Organic matter) . Commonly the C org ratio in phosphorites seems to be low 
enough (0.34 - 1.5%), although in some cases, the value up to 1.65% is detected (Ilyin, 
Bjamba, 1980). The dolostone and limestone from the producing member bear about 1 .04 
- 1.44% C org in average. On the whole, the C OTg content of the Khubsugul phosphorites 

exceeds that of the Karatau Basin (Kazakhstan). 

Strontium. According to Ilyin and Bjamba (1980) and Nikiforov et al. (1995) data, 

the Sr content is directly correlated with that of P 2 O s , meaning that increase of the Sr 
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content is connected to the increase of the P 2 0 5 content. The average Sr content is about 
0.05 - 0.06%. 

Barium. The Ba content in the phosphorites is sufficiently high (1400 g/t in 
average) and is well correlated with the Sr content. The Ba and Sr ratio varies within 
fairly narrow limits; in the trenches, it ranges from 0.04 to 0.33 and in the boreholes, it is 
from 0.47 to 1.28. If the Sr/Ba ratio is significant, than these values are indicative of, to 
some extent, abnormal marine conditions. 

Neodymium. Vinogradov and Lukanin (1994) obtained interesting (although not 
firm enough) data by the study of the neodymium isotopes from the Khubsugul and 
Burenkhan phosphorites. The authors argued that the isotopic composition of the 
neodymium differs strongly in these two deposits, which are separated by 100 km. In 
their opinion, the Khubsugul Basin (or its part) was supplied with sediments of the 
ancient sialic crust of 2.2 GY age while the Burenkhan Basin was supplied with 
sediments of a younger continental crust (0.8 GY) or of a mixture of destruction products 
of continental and oceanic crusts. 

Thus, during phosphorite formation, the Khubsugul Basin was probably a basin of 
the gulf-type or the strait-type from time to time. It was a very shallow basin with low 
hydrodynamics and anoxic conditions at the bottom level. Sometimes seismic events 
occurred. Cyanobacterial mats were the main producers of the organic matter. 
Surrounding land was peneplaned. The continental crust composed the northern land 
while the oceanic crust seemed to spread in the South. 
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The Features of the Khubsugul Biota 

The “Khubsugul” biota was probably mostly cyanobacterial. The cyanobacterial 
mat community was preserved in the phosphorites as microstromatolites, microoncolites, 
and micronodules. The micronodules are clearly predominant in our observations. The 
micronodule sizes usually vary from tens to several hundreds of microns. 

As rule in the micronodules, the combination of filamentous fossils of different 
diameters and rounded, spindle-like and dumbbell-like habits is observed. It is possible to 
distinguish the phosphate crystals outside and inside the walls of cyanobacteria filaments 
from pseudomorphs of purple bacteria and other bacteria. 

The pattern, observed in the Khubsugul phosphorites (cyanobacterial filaments 
surrounded by numerous bacterial cells) is typical of all recent cyanobacterial mats. For 
instance, in the Sivash halophilic mat community, where a thick layer of purple coccoid 
(Thiocapsa) and ovoid Chromatium bacteria adjoins to the lower surface of the upper 
cyanobacterial layer. These bacteria provide the protection of the community due to 
varied metabolic reactions including the capacity to grow in both aerobic and anaerobic 
conditions. Purple bacteria oxidize with photosynthetic oxygen the organic matter 
extracted by cyanobacteria during their life and post-mortem, and thus, they defend from 
oxygen subcommunities of lower mat layers, where obligate anaerobes, sulfur-reducing 
and methanogenic bacteria develop. During mineralization, globular structures are formed 
from the coccoid cells and dumbbell-like structures are developed from ovoid cells. 
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The Origin of the Phosphorites 

Many different opinions exist concerning the formation of the phosphorites and 
the source of their origin. In Ilyin's opinion (1973, 1990), the formation of phosphorites 
occurred by the precipitation from near bottom waters, but not from pore waters. That 
means by chemical (orthochemical) processes. He connected the phosphorus supply with 
the weathering of rocks and following redeposition of the products of destruction. 
Ratnikova (1982) supported a similar point of view, by the petrographic study of the 
Khubsugul phosphorites, as Semeykin (1988) did. Later on, Ilyin (1997) concluded from 
the study of the distribution of rare Earth elements in phosphorites that phosphorites 
precipitated at the sediment-water interface. 

Yanshin and Zharkov (1986) agreed that the main role in the phosphorite 
accumulation belonged to chemogenic precipitation and that the volcanic activity was the 
major source of phosphorous. Zaytsev (1982, 1992) supported this opinion and suggested 
that phosphorous and associated silica could enter into the basin from rivers and 
submarine volcanoes occurring in more or less distant regions (for instance, the Dzhida 
Province). 

Bjamba (1987) wrote on biogenic-diagenetic genesis of phosphorites. He believed 
that the main source of phosphorus in the ocean was not the continental erosion but 
biogenic processes realized the formation of the Khubsugul phosphorites. 

Finally, research carried out at the Paleontological Institute during the last several 
years, show that even the smallest grains of Khubsugul phosphorites represent 
micronodules (100-350 pm in diameter) and are formed with the participation of bacteria, 
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most probably cyanobacteria and purple bacteria. In places, rare planktonic forms occur 
(Archaeooides, Tasmanites). The preservation of planktonic species is astonishing. Each 
of them consists of calcium phosphate, that means that they are secondary phosphatized 
similar to cyanobacterial mats. This is likely since similar forms possessing organic walls 
are known from the Cambrian (Keller, Rozanov, eds.,\919\ Rozanov, Zhegallo, 1989; 
Rozanov, Zhuravlev, 1992; Gerasimenko et al., 1996). It is likely that all organisms were 
phosphatized at the bottom level. Thus, we can speak about the very important role of the 
biogenic factor in the genesis of the Khubsugul phosphorites. V.N.Kholodov ( 1987), 
Yu.N.Zanin (in Mirtov et al., 1987), E.A. Eganov (in Shkolnic, Baturin, eds. 1998), 
came to a similar point of view on the origin of Khubsugul phosphorites. 


The Characteristics of the Productive Member and the Selection of Samples. 

The study samples were collected from the producing phosphorite member of the 
Khubsugul and Burenkhan deposits. 

The Khubsugul deposit extents meridionally along the western cost of the 
Khubsugul Lake. The principal phosphorite is concentrated in the middle Khesen 
Formation, producing phosphorite member which is exposed on the slopes of the Khesen 
Syncline. According to data of Ilyin (1973), Ilyin and Bjamba (1980), Nikiforov et al., 
(1995), the producing phosphorite member consists of several phosphorite layers, 
separated by phosphate-bearing and non-phosphatic limestone, dolostone, and cherty 
dolostone. 

The greatest number of phosphorite layers (five) is revealed on the eastern slope 

of the Khesen Syncline. In the other areas, two or three layers are observed. The 
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lowermost layer (10 - 13 m thick) is the most continuous and is traced over 36 km. The 
fifth (uppermost) layer (with 18.5 m thickness) is traced over 18 km. The thickness of 
other layers varies from 1.5 m to 6 m. They are lens-shaped, their boundaries are gentle, 
and their correlation is hard even in neighboring trenches. The lower layer consists of 
black, black-gray, bedded and lens-bedded carbonate phosphorites. The phosphate is 
concentrated in the interbeds of 1 - 2 cm in thickness or form diverse in size and shape 
inclusions. Brecciated phosphorites, composed of phosphorite and chert fragments and 
blocks entombed in the dolomitic cement, dominate at higher levels. The uppermost 
phosphorite layer consists of the micrograin massive carbonate and carbonate-cherty 
phosphorites. Carbonates separating phosphorite layers are from 5 m to 30 m in thickness 
and possess a gray, yellow-gray, dark-gray, or black color and sometimes include thin 
interbeds of black chert. The thin, commonly uneven lamination is typical of limestone 
and dolostone, and some beds pinch out or swell on the short distance. Downcut of beds, 
washout surfaces, wavy interbeds, rolled fragments, as well as bamboo conglomerates, 
small syngenetic folds, and breccia composing by irregular fragments are observed. 

The study samples are derived from the South Ongolik section, from trenches No. 
7, 15, and 16, where the first and fifth phosphorite layers are well expressed. The samples 
are selected from both layers and from thin phosphorite interbeds of the carbonate layers. 
In all cases, paleontological specimens are of the same origin. The best preservation is 
observed in the carbonate phosphorites. 

The Burenkhan deposit is located about 75 km southward of the Khubsugul Lake. 
This region is a wide complicated remnant of the Precambrian and Cambrian rocks at the 
roof of large intrusions. Strong folding and fracturing disrupt its structure. Numerous 
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outcrops of the phosphorite layers are commonly isolated one from another and oriented 
in different directions. Here, as well in the Khubsugul deposit, the Arasan, Khesen, and 
Erkhelnur formations are distinguished. The main phosphorites are concentrated in the 
Khesen Formation, at the level lying from 70 m to 170 m above its base where up to 
seven phosphorite-bearing horizons occur. The thickness of a single phosphorite layer 
achieves up to 55 m. Siliceous phosphorites dominate in the Burenkhan deposit, and 
carbonate-siliceous and especially carbonate varieties are met rarely. The samples were 
collected from the producing member in the quarry of plot 1 near the village of 
Burenkhan, Mongolia. 

One hundred fifty samples were studied from the Khubsugul deposit and twenty- 
five samples - from the Burenkhan deposit. 

This study was supported by the Russian Foundation for Basic Research (projects 
96-04-48372, 96-05-64130, 96-05-64806, 97-05-65069 and 98-05-64765). 


17 


REFERENCES 


Brasier M.D. Phosphogenic events and skeletal preservation across the 
Precambrian-Cambrian boundary interval. Phosphorite Research and Development, eds. 
Norholt, A.J.G & Garvis. J. Geol.Soc.Spec. Publ., No 52., p. 289-303, 1990. 

Brasier M.D. Paleooceanography and changes in the Biological Cycling of 
Phosphorus across the Precambrian-Cambrian boundary. Origin and Early Evolution of 
the Metazoa. Eds. Lipps J.H. & Signor Ph.W. Plenum Press, New York, pp. 483-523, 

1992. 

Briggs D.E.G., Kear A. J., Martill D.M., Wilby P.R. Phosphatization of soft-tissue 
in experiments and fossils. Journ.of the Geol.Soc. London., Vol.150, No 6, pp. 1035-1038. 

1993. 

Byamba Z. Old phosphorites of Mongolia. Lithology and Mineral Resources, 

N 2, pp. 94-104. 1987. (in Russian) 

Bushinsky G.I. Old phosphorites of Asia and their genesis. Moscow, Nauka, 266 
p., 1966. (in Russian). 

Cook J.R., Shergold J.H. (eds.) Proterozoic-Cambrian phosphorites. Australian 
National University Press. Canberra, 1-17, 1979. 

Donov N.A., Edemsky E.V., Eljanov A. A., Ilyin A.V., Muzalevsky M.M. 
Cambrian phosphorites of Mongolia Popular Republic. Sovetskaya geologia. no 3, p.55- 
60, 1967. (in Russian). 

Evans D.A., Zhuravlev A.Yu., Budney C.J., Kirschvink J.L. Paleomagnetism of 
the Bayan Gol Formation, western Mongolia. Geol. Mag. V.133, N 4., pp. 487-496, 1996. 

Gerasimenko L.M., Goncharova I.V., Zavarzin G.A., Zhegallo E.A., Pochtareva 
I.V., Rozanov A.Yu., Ushatinskaya G. T. Dynamics of release and absorbtion of 
phosphorus by cyanobacteria. Ecosystem restructures and the evolution of Biosphere. 
Issue 1, Moscow, Nedra, pp. 348-353, 1994. (in Russian). 

Gerasimenko L.M., Goncharova I.V., Zhegallo E.A., Zavarzin G.A., Zaitseva G. 
L., Orleanskii V.K., Rozanov A.Yu, Ushatinskaya G.T. The Processe of Mineralization 


18 



(Phosphatization) of Filamentous Cyanobacteriae. Litology and Mineral Resources, N.2, 
pp. 208-214, 1996. (in Russian). 

Gerasimenko L.M., Zavarzin G.A., Rozanov A.Yu., Ushatinskaya G.T. 
Cyanobacterial mats and mineralization of cyanobacteria. Proceedings of SPIE, Vol.3441, 
pp.254-263, 1998. 

Goncharova I.V., Gerasimenko L.M., Zavarzin G.A., Ushatinskaya G.T. Formation 
of Mineral Phosphate Microtubes in the Presence of Halophilic Cyanobacterium 
Microcoleus chthonoplastes . Current Microbiology, V. 27, pp.187-190. 1993.1 1 111111 

Hoover R.B. Meteorites, Microfossils and Exobiology. Instruments, Methods, and 
Missions for Extraterrestrial Microorganisms. Proc. SPIE, 31 1 1 , pp. 1 1 5-136, 1997. 

Hoover R.B., Rozanov A.Yu., Zhmur S.I., Gorlenko V.M. Further Evidence of 
Microfossils in Carbonaceous Chondrites. Proceedings of SPIE, Vol.3441, pp.203-216, 
1998. 

Ilyin A.V. The Khubsugul Phosphorite Basin. Moscow, Nauka, 167 pp., 1973. (in 
Russian). 

Ilyin A. B. Old Phosphorite Basins. Moscow, Nauka, 176p., 1990. (in Russian). 

Ilyin A.V. Rare-earth geochemistry of “old” phosphorites and probablity of 
syngenetic precipitation and accumulation of phosphorite. Chemical geology. V. 144. 
Netherlands. 1997. 

Ilyin A.B., Zhuravleva I.T. On the boundary between the Cambrian and the 
Precambrian at Prikhusugulie (Mongolian PR). Dokl. Acad. Nauk SSSR. vol.182. N 5, pp. 
1 164-1 166. 1968. (in Russian). 

Ilyin A.V., Byamba Zh. Handbook for the Excursion ((Phosphorites of the 
Khubsugul Basin in the Mongolian People’s Republic*, Third Field Conference, Project 
156, June 17-28, Geol. Inst. Akad. Nauk SSSR, Moscow, 120 p. 1980. 

Jones B., Renaut R.W., Rosen M.R. Microbial biofacies in hot-spring sinters: a 
model based on Ohaaki Pool, North Island, New Zealand. Journal Sedimentary Research, 
V. 68, N 3,, pp. 413-443, 1998. 


19 



Keller B.M. and Rozanov A. Yu. (eds.) Pleontology of the Upper Cambrian and 
Cambrian Deposits of the East-European Platform. Moscow, Nauka, 210 p, 1979. (in 
Russian). 

Kirschvink J.L., Rozanov A. Yu. Paleomagnetism of fossiliferous Lower Cambrian 
Sediments: new results from the Tommotian stage of the Siberian Platform. Internat. 
Union, of Geology and Geophysics XVII General Assembly, Abstracts, Canberrs, p.508, 
1979. 

Kirschvink J., Rozanov A. Yu. Magnetostratigraphy of Lower Cambrian strata 
from the Siberian platform: a paleomagnetic pole and a preliminary polarity time-scale. 
Geol. Mag. V. 121,No.3,pp. 189-203,1984. 

Kirschvink J., Budney C., Zhuravlev A. Magnetostratigraphy of the Precambrian- 
Cambrian reference section near Salany-Gol, Western Mongolia: comparision with the 
Siberian Platform. CSA Abstract with programme, Vol. 19, No.l. 1987. 

Kirschvink J., Magaritz M., Ripperdan R.L., Zhuravlev A.Yu., Rozanov A. Yu. The 
Precambrian-Cambrian boundary, Magnetostratigraphy and Carbon isotopes resolve 
correlation problems between Siberia, Marocco and South China. GSA Today. V. 1, 
pp.69-71, 87,91. 1991. 

Korobov M.N. Biostratigraphy and myomer trilobites of the Lower Cambrian of 
Mongolia. In.: Biostratigraphy of the Cambrian and Carboniferous in Mongolia. Moscow, 
Nauka, pp. 5-108, 1980. (in Russian). 

Korobov M.N. Biostratigraphy and polymer trilobites of the Lower Cambrian of 
Mongolia. Moscow, Nauka, 202 p., 1989. (in Russian). 

Khomentovsky V.V., Repina L.N. Lower Cambrian from the stratotypic section of 
the Siberia. Moscow, Nauka, 200 pp., 1 965. (in Russian). 

Kholodov V.N., Paul R.K. Phosphate Pellets from the Karatau Phosphorites as 
Genetic Indicators. Lithology and Mineral Resources. No 1, pp.61-75, 1995 (in Russian). 

Krylov I.N., Orleansky V.K. Laboratory model of the formation of carbonate crusts 
in algae-bacterial films (artificial stromatolites and oncolites). Carbonate algae and 
stromatolites. Novosibirsk, Nauka, pp.4-12, 1988. (in Russian). 


20 



Luvsandanzan B. and Rozanov A. Yu. The age of the ancient phosphorites of Asia. 
Dokl. Akad. Nauk SSSR, Geol., 277, 1, pp.164-167, 1984. (in Russian). 

Lucas J., Prevot L. Syntese de 1’ apatite par voie Bacterienne a partir, de matiere 
organique phosphatee et de divers carbonates de calcium dans des eaux douce et marine 
naturelles. Chemical Geol., No 42, pp.101-118, 1984. (in French). 

Nikiforov K.A., Osokin P.N.,Amgalan J., Tologdor N. The Khubsugul Phosphorite 
Basin. Ulan-Ude, BNC SORAN, 65 p., 1995. (in Russian). 

Mirtov Yu.V., Zanin N.A., Krasil’nikova, et al. The Ultramicrostructure of 

Phosphorites (An Atlas of Photographs). Moscow, Nauka, 223p, 1987. (in Russian). 

McKay D.S., Gibson E.K., Thomas-Keprta Jr.K.L., Vali H., Romanek .S., Clemett 
S.J., Chillier X.D.F., Maechling C.R., Zare R.N., Searh for past life on Mars: Possible 
relic biogenic activity in Martian meteorite ALH 84001. Science, 273, pp. 924-930, 1996. 

McKay D.S., Rozanov A.Yu., Hoover R.B., Westall F. Phosphate 
Biomineralization of Cambrian Microorganisms. Proceeding of SPIE, Vol.3441, pp.170- 
176, 1998. 

Ragozina A.L. Cyanobacteriial mats in the ancient phosphorites of Mongolia. 
Fauna and ecosystems in the geological past. Moscow, Nauka, p.33-36,1993. (in Russian). 

Ratnikova G. U. Petrography of the Khubsugul phosphorite: Geology of 
phosphorite deposits and problems of phosphoritegenesis. Novosibirsk, p. 1 1 0-1 13. 1982. 
(in Russian). 

Repina L. N., Rozanov A.Yu. (eds.) Cambrian of Siberia. Novosibirsk; All- 
Russian. Inc. Nauka, Siberian publishing firm, 135p., 1992. (in Russian). 

Repina L.N. Ecotypes of Olenelloid trilobites and their distribution in the 
transitional type of section (Siberian platform). The Enviroment and life in the geological 
past. Paleolandscapes and biofacies. Novosibirsk, Nauka, p.46-60, 1982. (in Russian). 

Rozanov A.Yu. The Cambrian Lower Boundary Problem. Geol. Mag., V. 104. N. 
5, pp. 415-434, 1967. 

Rozanov A.Yu. Once again on old phosphorites in Mongolia. Sovetskaya Geology. 
N 1 , pp. 79-8 1 , 1 992. (in Russian). 


21 



Rozanov A. Yu., Missarzhevsky V.V. Biostratigraphy and fauna of Lower 
Cambrian horizons. Moscow, Nauka, 120p.,19 66. (in Russian). 

Rozanov A.Yu., Missarzhevsky V.V., Volkova N.A. et al. The Tommotian stage 
and the Cambrian lower boundary problem. Moscow, Nauka, 380 pp.,1969. (in Russian). 

Rozanov A.Yu., Sokolov B.S. (eds.) Lower Cambrian stage subdivision. 
Stratigraphy. Moscow, Nauka, 184 pp., 1984. (in Russian). 

Rozanov A.Yu., Zhegallo E.A. Problem of Origin of the Ancient Phosphorites of 
Asia. Lithology and Mineral Resources, N 3, pp. 62-82, 1989. (in Russian). 

Rozanov A.Yu., Zhuravlev A.Yu. The Lower Cambrian Fossil Record of the 
Soviet Union. Origin and Early Evolution of the Metazoa. Ed. J. Lipps and p. Signor. 
Plenum Press. N.York-London, pp. 205-281, 1992. 

Rozanov A.Yu., Zavarzin G.A. Bacterial Paleontology. Herald of the Russian 
Academy of Sciences. V.67, no 2, pp. 109-1 13, 1997. (in Russian). 

Rozanov A.Yu., Zavarzin G.A. Bacterial Paleontology. Proceedings of SPIE, 
Vol.344 1, pp.218-224, 1998. 

Semeikin I.N. Latest Precambrian phosphorite-bearing sequence of the Eastern 
Sayan ridge and its correlation with Khubsugul sequence. “Geology of phosphorite 
deposits and problems of phosphoritegenesis. Novosibirsk, pp. 99-1 10, 1982.(in Russian). 

Shkolnik E.L., Baturin G.N. (eds.) Phosphate grains in the micrograine 
phosphorites from largest phosphate basins in the World. Vladivostok. 1998. (in press), (in 
Russian). 

Sokolov B.S. (ed.) Phanerozoic of Siberia. V.l, Vend, Paleozoic. Novosibirsk, 
Nauka, 190 pp., 1984. (in Russian). 

Vinogradov V.l. Lukanin A.O. Isotopic composition of neodymium and strontium 
in phosphorites of Mongolia and Karatau. Ecosystem restructures and the evolution of 
Biosphere. Issue 1, Moscow, Nedra, pp. 300-305, 1994. (in Russian). 

Westall F., Gobbyi P., Mazzotti G., Gerneke D. et al. Combined SEM (Secondary 
electrons, backscatter, cathodoluminescence) and atomic force microscope unvestigation 
of fracture surfaces in Martian meteorite ALH84001: prelimanary rusults. Proceedings of 
SPIE, Vol.3441, pp. 225-233, 1998 


22 



Yanshin A.L. The perspectives and scientific problems of search for potassium and 
phosphorate mineral products in Siberia. Bull, of Moscow Society of Naturalists. Geol. 
Ser., v.39, N 5, p.3-30, 1964. (in Russian). 

Yanshin A.L. Evolution of geological processes and Latest Precambrian 
Phosphorites. Geology of phosphorite deposits and problems of phosphoritegenesis. 

Novosibirsk, pp.13-14, 1982. (in Russian). 

Yanshin A.L., Zharkov M.A. Phosphorus and potassium in Nature. Novosibirsk, 

Nauka, 189 pp., 1986. (in Russian). 

Yushkin N.P. Natural polymer crystals of hydrocarbons as models of prebiological 
organisms. Journ. of Crystal Growth, 167, pp. 23 7-247, 1996. 

Yushkin N.P. Hydrocarbon crystals as protoorganisms and biological systems 
predessors. Proceedings of SPIE, Vol.3441, pp.234-246, 1998 

Zaitsev N.S. The old phosphorite bearing formation in Mongolia. Sovetskaya 
Geology. N 1, pp. 71-79, 1992. (in Russian). 

Zhmur S.I. Cyanobacterial benthic community is the main producer of the organic 
matter of marine biolithogenic rocks rich in carbonate. Problems of Pre-antropogenic 
evolution of the Biosphere. Moscow, Nauka, pp.294-303, 1993. (in Russian). 

Zhmur S.I., Gorlenko V.M., Rozanov A. Yu., Zhegallo E.A., Lobzova R.V. 
Cyanobacterial Benthic System-Producent of Carbon Substance of Shungites of Early 
Proterozoic of Karelia. Lithology and Mineral Resources, N 3, pp. 122-126, 1993. (in 
Russian). 

Zhmur S.I., Burzin M.B., Gorlenko V.M. Cyanobacterial mats and carbon rock 
formation on late precambrian. Lithology and Mineral Resources, N 2, pp.206-214, 1995. 
(in Russian). 

Zhmur S.I., Rozanov A.Yu., Gorlenko V.M. Lithified Remnants of 
Microorganisms in Carbonaceous Chondrites. Geochemistry, Nl, pp. 66-68, 1997. (in 
Russian). 

Zhuravleva Z.A. Age and correlation of ancient deposits of Northwestern 
Mongolia. Izv. Akad. Nauk SSSR, Ser. Geol., N 12, pp.73-76, 1975. (in Russian). 


23 


Explanations of text-figures 

Fig.l The Map of Mongolia. 

Onr.l KapTa MoHronHH. 

Fig.2 Geological map of the Khubsugul basin with geological cross-section and 
legend. 

d>m\2 TeojiorHHecKaa KapTa Xy6cyryjn>CKoro 6acceHira c reojiorHHecKHM 
npot})HjTeM h jiereHAOH. 

Fig. 3 - Stratigraphic column of Khubsugul basin. 

Onr.3. CTpaTHrpa(J)HHecKaa KOJiOHKa. 
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- Burenkhan deposit 




Stratigraphic column 
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sparse oncolites and trilobites. At the base ■ 
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with pinching out calcareous-dolomitlc breccia 
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with oncolttes. 
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BeeAeHHe 


OTKpbITHe CepHH MHKpOCTpyKTyp, HanOMHHaiOmHX HaHo6aKTepHH, B TeCHOH 
accouHaiiHH c 6noMapKepaMH b MeTeopnTe ALN84001, KOTopbiH cwraeTCH nonaBmHM 
Ha 3eMJiio c Mapca (McKay et al., 1996), npHBeJio k npejmojio>KeHHK>, hto 
o6Hapy>KeHHbie Tejia MoryT aBJiaTbca MHKpoopraHH3MaMH MapcnancKoro 
npoHcxoac^eHHH. 3 th HecnenoBaHHa (cm. Westall et al, 1998) h hx o6cy5K,n;eHHe 
BbicBeTHJiH Heo6xoflHMOCTb H3yneHHa Mop(J)OJiorHH h pa3MepoB o6Hapy>KeHHbix 
HaHO^OCCHJIHH H MHKpO(j)OCCHJIHH H yCTaHOBJieHHa HafleXCHblX 6nOMapKCpOB, BKJTTOHaH 
6HoxHMHHecKHe h reoxHMHHecKHe aoKa3aTejibCTBa cymecTByromen hjth HCHeTHyBiucH 
)kh 3 hh. Taxoe 3 aKJiioHeHHe HMejio orpoMHoe 3 iia i ieHHe b CTHMyjmpoBaHHH Hayniibix 
HccueAOBaHHH b ne/iaBHO B03HHKmeM HanpaBjieHHH - Acmpo6uojioeuu. MccnenoBaHHa 
MeTeopHTOB (yrnHCTbix xoh^phtob), ocymecTBJieHHbie iiohth oflHOBpeMeHHo h 
H e 3 aBHCHMO b MocKBe, Poccna (Zhmur et al., 1997; Hoover et al., 1998) h 
X aHTCBHJiJie, Ana6aMa, CILIA (Hoover, 1997, Hoover et al., 1998) npnBe;iH k 
o6Hapy>xeHHio b hhx Soabuioro h pa3HOo6pa3Horo KOMnnexca 6HOMop(})iibix 
MHKpocTpyKTyp 6aKTepHajibHoro h rpn6Horo ra6HTyca. Bo3MO)KHOCTb onpenenaTb 
pa3JiHHHbie 6noMapKepbi h mhkpo(])occhjihh h OTjiHHaTb hx ot npe,nnojio>KHTeJibHO 
He6HoreHHbix o6beKTOB h MHKpocTpyKTyp, KOTopbie HHoma BecbMa HanoMHHaioT 
6noreHHbie, TaKHe, HanpHMep, KaK <J>H6po3Hbie KpHCTajuibi KepHTa, H3yneHHbie 
H.n.IOuiKHHbiM (Yushkin, 1996; 1998), npe3BbiHaHHO Heo6xoAHMa. B pe3yjibTaTe 
ocymecTBjraeMbix b HacToamee BpeMa KOCMHHecKHx Hccne^oBaHHH b pa3Hbix CTpaHax 
Ha 3eMjiio b SjiiDKaHLiiee /recaTHjreTHe MoryT 6brrb jjocTaBjieHbi MaTepnaJibi (o6pa3Ubi) c 
Mapca, KOMeT hjih npyrnx Ten cojthchhoh CHCTeMbi. 3 to 3acTaBjiaeT Hac pa3pa6aTbreaTb 
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MeTOflLi h TexHHKy Hccjie^oBaHHa BHe3eMHbix o6i»eKTOB eme ao Toro, KaK nocneaHHe 


CTaHyT AOCT\'IIHLIMIi HaM. 

Eonbinne ycnexn 6mjih aocTHrayTM b nocneanee BpeMH b 6bicrpo 
pa3BHBaiomeMca hobom HanpaBaemm “ 6aKmepucuibHOu ncuieoumonoauiT . (Rozanov, 
Zavarzin, 1997,1998). OnpeaejieHne mhkpo(J)occhjihh 6aKTepHanbHoro nponcxoxcaeHHa 
6biJio cHjibHo oGnemeno HccaeaoBaHHSMH no HCKyccTBeimon (jioccHamauHH 
coBpeMeHHbix 6aKTepnajibHbix coo6mecTB ( Lucas, Prevot, 1984; KpbuioB, OpjieaHCKHH, 
1988; Po 3 aHOB, )KerajiJio, 1989; JKMyp, 1993; JKMyp u dp., 1993; Briggs et al., 1993; 
TepacHMeHKO u dp., 1994; Goncharova et al., 1993; JKMyp u dp., 1995; repacHMeHKO u 
dp., 1996; 1998; Po3aHOB, 3aBap3HH, 1997; Jones et al., 1998; McKay et al., 1998), B 
3thx ny6jiHKaijH5rx othctjthbo HaMeTHjincb saMeuaTejibiibie MoaenbHbie o6beKTbi: 
apeBHHe MHKpO(J)OCCHJIHH B (})OC(J)OpHTaX H BblCOKOyrjiepO^HCTblX nopo^ax, KOTOpbie 
onncbiBajracb h cpaBHHBajmcb c MmcpoopramreMaMH coBpeMeHHbix 
UHaHoGaKTepnajibHbix MaTOB. HccJieaoRaiimr ^ajin B03MoacHocTb pacinn^poBaTb 
KOMIIJieKC 6nOMOp(J)HbIX MHKpOCTpyKTyp, KOTOpbie BCTpcnaiOTCH B yrJIHCTbIX 

XOimpHTaX. 

Pa6oTa no najieoiiTOJiorHHecKOMy rnyHemno c})oc(})ophtob npoaoaxcaeTca ywe 
Sojiee 20 JieT n H3HananbHO npecaeaoBana coBceM HHbie uejm. B 70-80e roabi b35kho 
6biao nonbrraTbca ycTaHOBHTb npocTpaiicTBeHHbie h BpeMeHHbie B3anMOOTiiomenH5i 
6ypHoro B3pbrea nojreneHHfl cKeneTHbix opraHH 3 MOB b Hanane KeM6pmr (Po3aHOB, 
MnccapxceBCKHH, 1966; Rozanov, 1967; Po3aHOB, MnccapxceBCKHH u dp., 1969; 
Cokojiob, pea., t.I, 1984; Brasier, 1990; 1992; Rozanov, Zhuravlev, 1992; Penima, 
Po3aHOB, pea., 1992 n MHorne apyrne) n oaHOBpeMeHHoro c mm KpynHenmero 
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(J)occ})aTOHaKon.jieHH5i b KnTae, MoHrojinn, Ka3axcTaHe h ,np. (EyuiHHCKHH, 1966; Cook, 
Shergold, eds., 1979; 5Ihhjhh, )KapKOB, 1986). 3th (})oc(|)aTHbie MecTopojKfleHHH 
CHHTaJTHCb THITHHHO XeMOTeHHBIMH (HjTBHH, 1973; 1990), HO OTKpbTTHe B HHX 
UHaHo6aKTepHajibHbix mbtob CTajio Ba>KHbiM co6brrneM, Tax icax npHBeiro k 
nepeHHTepnpcTauHH hx reHe3Hca. Hmchho myneHHe 6aKTepHajibHOH cocTaBJiaromen 
(j)OC(J)OpHTOB H BKCnepHMCHTbl no HCKyCCTBeHHOH (J)0C({)aTH3aHHH Hapjmy c 
HccjieaoBaimeM BMCOKO-yrJiepoflHCTbix h apyrax ocaflOHHbix nopo/i co3flajiH peajibHbie 
npennocbuiKH juix cjjopMiipoBaHHH hoboto aKTHBHoro HanpaBjicHHa - Acmpo6uono?uu. 

B H3yneHHH MHKpoopraHH3MOB b (})oc(})opHTax KJiaccHHecKoro o6beKTa - 
Xy6cyryjibCKoro 6accenna npHHHMajin ynacTue npox^e Bcero E.A.TKeraruio, 

A. Jl.Paro3HHa, A.IO.Po 3 aHOB h r.T.YmaTHHCKaa. Ha nocjieflHeH CTa/pra k hhm aKTHBHO 
npHcoeaHHHJicH P.XyBep (Richard B. Hoover, NASA, MSFC). B jxamioii pa6oTe 
Hcnojib 30 Ban 6oraTbin MaTepHaji H3 Xy6cyryjibCKoro 6acceHHa no pa3pe3aM 
Xy6cyryjibCKoro h EypeHxaHCKoro MecTopo^eHHH, KOTopbra co6npajica b TeneHne 
necKOJibKHx noacBbix ce30HOB (1979-1991) OTpa^oM no# pyKOBO^CTBOM E.A.TKerajuio. 
B cocTaBe OTpa/ia b pa3»oe BpeMH npHHHMajin ynacTHe IO.H.Bopohhh, H.A.,Z],po3,aoBa, 

B. TJ.Oohhh, B.A.JIyHHHHiia, Jl.H.PenHHa, A.IO.Po3aH0B, B.A.CbicoeB, 

r.T.ymaTHHCKaH. B xone pa6oT aBTopaM 6biJiH Jiio6e3HO npeaocTaBJienbi 
reojiornnecKHe h aHajiHTnnecKHe MaTepHanbi coTpyaHHKaMH EypeHxancKOH reoaoro- 
pa3BeaoHHon napTHH B.n. KapeBbiM, B.n. ApceHTbeBbiM, n.B. Ocokhhbim, 
O.H.Jliofl 0 (j)yH 0 M, b pa6oTe TaiOKe Hcnojib 30 Bajmcb MaTepnaJibi 3. A EraHOBa, 3a hto 
HM BCeM MbI npHHOCHM CBOK) HCKpeHHIOK) 6naro,ziapHOCTb 
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reojioniMecKHe 11 najieoiiTO.rioro-CTpaTiirpa<jiiiHecKiic ^ainibie no 
XyScyryjibCKOMy (j)oci|)opHTonociioiviy 6 acccfiny. 

IlepBoe MecTopo>KfleHHe (JjociJjophtob b MoHrojinn Ha 3ana^HOM 6epery 
03 .Xy 6 cyryji 6biJio otkpbtto b 1964 r. H.A.floHOBbiM h E.B.EfleMCKHM (pnc.l). 
nocjreflOBaBuiHe 3 a 3THM fleTajibHbie HCCJieflOBaHHH 1964-1967 rr, npoBO^HBiiineca 
BcecoK>3HtiM aaporeojiorHHecKHM TpecTOM h HHcnnyroM “3apy6e»creoJiorna,” b 
KOToptix, KpoMe nepBOOTKpbiBaxejieH, ynacTBOBajiH M.M.My 3 ajieBCKHH, A.A.Ejibhhob h 

A. B.Hbbhh, noKa 3 ajiH, tig Xy6cyry;ibCKHH 6acccim aBjiaetca o/jhhm H3 KpynHeHHmx 
cj)oc4)opHTOHOCHBix 6acceHiiOB MHpa. IlaxHiiaji c 1968 r h jo nacToamero BpeMeHH 
H3yHeHHeM Xy6cyryjTbCKoro (])oc(})opirroiiocnoro Eacccinia 3aHHMajinci> corpy,'nni kh 
reojiorHnecKoro h najieoHTOJiorHHecKoro HHCTmyroB PAH, HHCTHTyra JiHToc^cpbi 
PAH, HHCTHTyTa “3apy6e>KreojioniH”, pa6oTaBiiiHe b cocTaBe Cobmccthoh Cobctcko- 
MonrojibCKOH HayHHO-HccjrenoBaTejibCKOH reojiorHHecKOH h Cobmccthoh Cobctcko- 
MoHrojibCKofl najieonTOJiorHHecKOH 3Kcne/iHHHH. B pa3Hoe roflbi b pa6oTax arax 
3 Kcne/umHH npHHHMajiii ynacTHe H.C.EopoBCKaa, IO.H.Bopohhh, H.A.,Ilpo3/iOBa, 
E.A.)Kerajuio, 3.A.}KypaBJieBa, H.C.3anueB, A.B.Hjibhh, M.H. Kopo6oB, 
II.B.noKpoBCKaa, r.H.PaTimKOBa, A.JI.Paro3HHa. A.IO.Po3aHOB, B.A.CbicoeB, 
r.T.y maTHHCKaa, B.,ZJ.<Eohhh, T.H.XepacKOBa, h MOiirojibCKHe reojiorH )K.E«M6a, 
,n./top>KHaM>Kaa, E.JIyBcaHAaH3aH, ^.3p^eH6HjiHK, MarMap Jlyraa, a Taioxe 
coTpy/iHHKH HHCTHTyra reoiTOTHH h reoijiiniiKii CO AH CCCP O.A.EranoB, 

B. A.JIyHHHHiia, JT.H.PenHHa. CneunajibHbie pa3BCAOHHbie pa6oTbi Ha MecTopoacflenHax 
Xy6cyryji h EypeHxaH b 1981-1989 rr ocymecTBJiajincb reojioraMH Cobctckoh 
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reojiorHHecKOH 3Kcne;umHH b MHP (HHCTHTyT“3apy6e5KreoJiorHH”) 


B.n. 


ApceiiTbeBbiM, B.n. KapeBbiM, O.H.JIio,ao<|)yHOM, II.B.OcoKHHbiM, RH.CeMeHKHHbiM. 

IlepBaa ny6jiHKauHa o (jjoc^opiiTax Xy6cyryjibCKoro SaccenHa noflBHJiacb b 
>KypHajie “CoBeTCKaa reonornfl” (Z(ohob, E^cmckhh u dp ., 1967). 3a HCTeKinne nocjie 
3Toro 30 JieT hhcjio MOHorpa(|)HH, cTaTen, flOKJia£OB, tc3hcob, nocBHmeHHbix onucaHHio 
XyGcyryjiBCKoro 6acceitHa, HacHHTbiBaeT HecKOJibKO acchtkob HaHMeHOBaHHft. 
CBeaeHHH o xyGcyryjibCKHx 4 )OC 4 )0 P HTax boihjih b 6ojibinoe hhcjio cbojiok, KaK 
poccHHCKHX Tax h 3apy6e>Knbix, oh Bcer/ia ynoMHHaeTca npn nepeHHCJieHHH 
KpynHeiimHX c^ociJiopHTOBbix MecTopoxcfleHHH MHpa (Cook, Shergold, eds., 1979; 
Xhihhh, TKapxoB, 1986, H;ibHH,1990). 

B pe3yjibTaTe reoJiorHHecKHX, JiHTOJiorHHecKHX h cxpaTHrpacjio- 
najieoHTOJiorHHecKHx HccaeaoBaHHH 6biJia onpe,a;ejieHa CTpyKTypa 6acceHHa h 
nocjieAOBaTejibiiocTb cjiaraioiHHX ero nopofl, nocxpoeHbi cxpaxHrpa<J)HHecKHe kojiohkh 
h ^eTajibHbie reojiorHnecKHe Kapxbi(pnc.2,3). ITpHBO^HMbiH cxpaxnrpaiJiHHecKHH onepx 
ocHOBaH Ha pa6oTax A.B.IEribHHa, 1973, 1990, 3.A.3KypaBJieB0H (1974), M.H.Kopo6oBa 
(1980,1989), K.A.HHKH(|)opoBa, IT.B.OcoKHHa, )K.AMrajiaH, H.ToroJi^op (1995), 
3.A.EraHOBa (IllKOJibHHK, EaTypHH, pe^., 1998), A.B.HribHHa h )K.EflM6a (1980) , 
oxnexax EypaHxaHCKOH reojioro-pa3Be^OHHOH napxHH (1981-1984rr) h Ha co6cTBeHHbix 
Ha6jiio^eiiHax aBTopoB. 

Xy6cyryjibCKHH (J)oc(})opHTOHOCHbiH 6acceftH b coBpeMeHHOH cxpyxxype 
npejicTaBJiaeT co6oh chhkjihhophh, BbmojTHeHHbra BepxHepH(})eHCKo-KeM6pHHCKHMH 
OTjio)KeHH5iM. B hx cocTaBe BbmejiaeTca flBe Moiniibie cepHH: BepxHepHcJiefiCKaJi (?) 
flapxaTCKaa h BeH^-HH>KHeKeM6pHHCKaa xy6cyryjibCKaa. 
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flapxaTCKaa cepna npejiCTaBJieiia CBoefi Bepxneu - apacaHCKOH cbhtoh, KOTopaa 
coctoht npeHMymecTBeHHO H3 TeppureHHbix h ByjiKanoreHHO-TcppnreHHLix rropozi - 
ajieBpojiHTOB, necnaHHKOB, TycJjonecMaunKOB, rpaBejiHTOB 3ejieHoro, ceporo, 6yporo, 
peace jiHJiOBoro hbctob c OT/iejiBHBiMH npocjioaMH ceptix c kpcmoblim oireHKOM 
neJIHTOMOp(|)HBIX flOJIOMHTOB H C JIHH3aMH (1-2m) CCptlX T0HK03CpiIHCTBIX H3BeCTHHKOB 
C OHKOJIHTaMH. MoiHHOCTB CBHTBT - P.O 1500m. 

XyOcyryjiBCKaa cepna neconiacHO 3ajieraeT Ha apacaHCKOH cbhtc aapxaTCKOH 
cepHH h no,qpa3neJiaeTca Ha Tpn cbhtbi: hhhchioio OHrojimccKyio (jiocfjoc^opHTOByio), 
cpejunoio x3C3HCKyio ((|)oc(|)ophtohochjto) h BepxHioio apxojniypcKyio (xapSoHaTHyio). 

OHrojiHKCKaa CBHTa OTjiejiena ot jjapxaTCKOH cepnn pa3MBiBOM, b ee 
OCHOB3HHH BBIJiejiaeTCa 6a3aJIBHBIH ropH30HT H3 KBapijeBO-nOJieBOHinaTOBBIX 
necnaHHKOB h rpaBejiHTOB moihhoctbio 2 - 15 m. Ohh CMenaioTca cepBiMH cjiohctbimh 
H MaCCHBHBIMH flOJIOMHTaMH, HHOrfla OKpeMHeHHBIMH, C pejpCHMH OHKOJIHTaMH, C 
“BOflopocjieBBiMH” TeKCTypaMH. 3aBepmaeTca pa3pe3 KonraoMepaTo-OpeKHiieH 
onoji3HeBoro xapaKTepa, b KpoBJie KOTopon HMeioTca cjiejiBi pa3MBrea. Moihhoctb 
cbhtbi KoaeGneTca ot 300 ao 400m. 

3.A.3KypaBneBa H3 OTjioaceHHH cbhtbi onpejjejiHjia Ambigolamellatus horridus Z.Zhur., 
Volvatella vadosa Z.Zhur., Vesicularites sp., Ha ocHOBaHHH Hero B 03 pacT ee onpe^enen 
KaK io/jomckhh (no uiKaae Ch6hpckoh njiaT(|)opMBi) hjth bciijickhh. 

3aJieraiomaa BBirne x3C3HCKaa CBHTa no/ipa3^eaaeTca Ha Tpn naHKH. Hnamaa 
naHKa cjioaccua hikhkctbimh H3BecTHaKaMH h h3bcctkobhctbimh cjiaimaMH c 

JIHH30BH/IHBIMH TeJiaMH H3BCCTKOBO-AOJIOMHTOBBIX 6peKHHH H K 0 HrJI 0 MepaT 06 peKHHH. 
CoScTBeHHO npojiyKTHBHOH - 4 )oc(J)ophtohochoh aBjiaeTca cpejiHaa naHKa, b KOTopon 
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3 aK;iioHeHt>i Bee ocHOBHbie (J)oc(J)opHTOBi.ie ropH30HTbi XyGcyryjibCKoro 6acceftHa. OHa 
CJlOJKeHa HepeAOBaHHeM T0pH30HT0B (J)OC(})OpHTOB CO CJIOHCTbIMH H MaCCHBHbIMH 
H3BeCTHHKaMH H AOAOMHT3MH, HHOTAa C XpeMHHCTO-aJieBpHTO-TAHHHCTblMH CAaHQaMH H 
KpeMHHMH. Bcero Ha pa3Hbix ynacTxax BbiAeaaeTca ao nara (j)oct|)opHTOBbix miacTOB 
HJIH ropH30HTOB, KOTOpbie CyMMapHO COCTaBJiaiOT 10-15% MOIAHOCTH npOAyKTHBHOH 
naHKH. BepxHaa nanxa iiaHHHaeTca c ropH30HTa uepiibix 6ec4>oc(J)aTHbix KpeMHHCTbix 
IIOpOA MOIIIHOCTbK) OT HeCKOJTbKHX MCTpOB AO 50m, KOTOpbie CMeHaiOTCa AOJIOMHTaMH 
h H 3 BecTHaKaMH c 3aMeTHOH npHMecbio r jiHHHCToro h necnaHoro Maxepnajia. 
MoiHHOCTb X3C3HCXOH CBHTbl B pa3HbIX HaCTaX X3C3HCKOH CHHKJTHHaJIH KOJie6jieTCa OT 
350 ao 600m. B nopoAax Bcex Tpex HacTeft cbhtbi 3.A.)KypaBjieBOH 6biJi o6napy>Keii 
KOMnacKC MHKpocj)HTOJiHTOB Nubecularites catagraphus Reitl., N. parvus Z.Zhur., 
N.densus Z.Zhur., N.angulatus Z.Zhur., Radiosus marginatus Z.Zhur., Osagia senta 
Z.Zhur. HaMH H3 cpeAnen (J>oc(J)ophtohochoh Hacra Gbijih BbiAejieHbi h onpeAeJieHbi 
Archaeooides granulatus Qian, Tasmanites tenellus Volkova, Spirellus sp. a Taxace 
HHTHaTbie HHaHoSaKTepuH noAo6nbie Microcoleus, h npHHAAJieacamHe onucairnoMy H3 
APCbhhx roam poAy Siphonophycus. IIpHcyTCTByioT caeAyiorune bhabi S. robustum 
(Schopf) Knoll el al., 1991, S.typicum (Hermann) Butterfield 1994, S. solidum (Golub) 
Butterfield 1994, S. septatum (Schopf) Knoll et al, 1991 h Oscillatoriopsis obtusa 
Schopf, 1968. (Paro3Hna, 1993). EojibiiiHHCTBO nepenHcaeHHbrx (JiopM BCTpenaeTca xax 
b AoxeM6pHH Tax h b HH>XHCH Hacra xeM6pHa, ho Archaeooides, Tasmanites, Osagia 
senta h paA xaTarpa^nir ( Nubecularites ) H3BecTHbi, TOJibxo nauHHaa c tommotcxoto 
apyca. C yucTOM toto, hto b BbimejieacamHX OTaoaceiiHax apxsanypcxoH cbhtbi 
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BCTpenaiOTCfl ocTaTKH aT£a6aHCKHX apxeounaT h tphjioShtob, B03pacT x3C3hckoh 
CBHTbi CHHTaeTCa HH>KIieKeM6pHHCKHM - TOMMOTCKHM. 

Bbirne x3C3hckoh cBHTbi c hctko BbipaxceHHbiM pa3MbiBOM 3aneraeT 
3px3JiHypcKaa , b ocHOBaHHH KOTopofi BbmejiaeTca Saaajibiiaa nanKa moihhoctlio uo 40 
m, cjioflceHHaa necnaHHKaMH c rpaBejnrraMH, 6pckhhhmh c KpynHbiMH o6jioMKaMH, 
nccnaiTHKaMH, coctojhuhmh H3 nepcoTJio>KeiiHbix tjioafiaTiibix 3epeH. OHa CMcnacTca 
nanKOH MomiiocTbio ao 200m npeHMyiHCCTBeiiiio uojiomhtob, Hiiorua niHHHCTbix, c 
npocjioaMH TeMHO-cepbix KpeMHen. BepxHaa nacTb CBHTbi cJio)KeHa TOJimea 
MOIHHOCTblO 6oJiee 1500 M B OCHOBHOM cepbix, TeMHO-cepbix H 3 BeCTHHKOB C npOCJTOHMH 
rjiHHHCTbix C.13HHCB, TeMHO-cepbix KpeMHeit, c ynacTKaMH 6peKHHH h c otacjiijUlimh 
npOCJIOBMH flOJIOMHTOB. B 3TOH TOJIHie npHCyTCTByeT HeCKOJIbKO TOpH30HTOB c 
TpHJio6HTaMH h apxeouHaTaMH . B pa3pe3ax no pexaM X3C3ii h OnrojniK Kopo6oB 
(1960) o6napy>KHJT £Ba ypoBHH c TpHJTo6HTaMH. Hh>khhh riaxoAHTca b 400-450 m Bbirne 
ocHOBanna cbhtbi h couepwHT Archaeaspis sp., Malykania ongoloca Korob., Elganellus 
dilatatus Korob., E. pensus Su \.,E.ekgans Suv., E.probus Suv., E.elongatus E.Rom., 
Resserops kharganicus Korob., Pseudoresserops obesus Korob., Minusella priva Korob. 
Btopoh ypoBeHb pacnonaraeTCH b 250 m Bbirne nepBoro h oxBaTbreaeT HHTepBaji b 250m. 
B neM coAcp'/KaxcH: Bulaiaspis taseevica Rep., Fallotaspidella chesenica Korob., 
Fallotaspis mongolicus Korob. OcTaTKH apxeounaT b uaiiHbix pa3pe3ax He 
o6napy>KeHbi, ho b panone YpyH.qyuiH-y.jia b 16 km k ceBepo-ceBepo-BOCTOKy ot 
pa 3 pe 30 B no peKaM X3C3H h Oiitojihk b 60-x roqax A.B.Hjibhh c neTbipex ypoBiien 
3 px 3 jmypcKOH CBHTbi co6paq apxeounaT, KOTopbie 6biJin onpeqejieiibi H.T.)KypaBjieBOH 
(HjibHH, )KypaBJieBa, 1968). IlepBbiH ypoBeHb npn6jiH3HTejibHO cooTBeTCTByeT 
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HH)KHeMy TpHJio6HTOBOMy KOMnneKcy h 3aKBK)MaeT: Archaeolynthus sp., 

Rotundocyathus sp., Nochoroicyathus howelli (Vol.). Btopoh ypoBCHB HaxoaHTca b 250 
m Bbirne h co^ep>KHT: Rotundocyathus ex gr. kemtschikensis (Vol.), Nochoroicyathus ex 
gr. mariinskii Zhur. B 150 m Bbirne (TpeTHH ypoBeiib) BCTpeneHbi Rotundocyathus sp., 
Kaltatocyathus sp., Tumuliolynthus sp., Nochoroicyathus sp., Capsulocyathus sp., 
Dictyocyathus sp. H, HaKOHeii, eme b 400 m Bbirne (ueTBepTbiH ypoBeHb) HaxoaaTca 
Nochoroicyathus ex gr. mariinskii Zhur., Rotundocyathus ex gr. salebrosus (Vol.,), 
Tumuliolynthus ex gr. karakoiensis Zhur., Dictyocyathus sp., Dictyofavus bipartita 
(Vol.). Ha ocHOBaHHH aHajiim Been nepeHHCJieiiHOH (Jmynbi B03pacT sjrxspirypcKOH 
CBHTbi onpeaejiaeTca icax no3^He aT^aGancKHu. CaMaa Bepxiiaa uacTb, o/inaKo, mojkct 
6biTb OTHOCHTca yx<e k 6oTOMCKOMy apycy. 

B pafloHe BypaHxaHCKoro MecTopoxyieHHa b OTjioxceHnax Bepxnen uacra 
3Jix3pHypcKou CBHTbi Taoce H3BecTHbi MHorouHCJiciuibie HaxoflKH apxeounaT: 
Palaeoconularia baileyi (Vol.), Sibirecyathus naletovi Vol., Formosocyathus 
vermiculatus (Vol.), Tubericyathus clathratus Vol., Clathricoscinus vassilievi (Vol.), 
C.dentatus (Vol.), Claruscoscinus billingsi (Vol.), Archaeocyathus operosus (Zhur.) 
(onpe,ne;ieHHH A.K).)KypaBJieBa), CBHjjeTejibCTByiomHe o 6otomckom B03pacTe. 

Ha 3Jix3pHypcKoii CBHTe c nepepbiBOM 3ajieraioT TycJioreHHo-TeppnreHHbie 
nopo^bi yxyTQjioroHCKQH cbhth MomHOCTbio flo 500 m. B Heir y kokhoh okohchhocth 
03.Xy6cyryji b pa3pe3e YjiraH-CaHp npucyTCTByiOT apxeouiiaxbi (onpeaeaeHHa 
H.T.)KypaBJieBOH): Irinaecyathus ex gr. ratus (Vol.) h Pycnoidocyathus sp. (Hjii>hh, 
1 973). Bo3pacT yxyToaorohcKOH CBHTbi Ha ocHOBaHHH iiaxoaoK 3 toh cJiayHbi onpeaenen 
KaK OOTOMCKHH. 
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IIojiyHeHHBie MaTepnajiBi no3BOJiHjm yreep^aTB, hto xotji rnaBHOH anoxoft 
apeBHcro ({)oc(|)aTOHaKonjTeriH5i flonroe BpeMa cHHTajiacB BeH,a-paHHexeM6pHHCxaa 
(Xhihhh, 1964; Xhihhh, 1982; Xhhihh, )KapxoB, 1986; Hjibhh, 1990) , Ha caMOM Rene, 
hto xopouio BH^HO h H3 perHOHajibHtix MaTepnajioB no Xy6cyryjiy, ee nnx 
npnxoAHTca Ha oneiiB y3XHH HiiTepBaa BpeMeHH - tommotckhH Bex (JIyBcaimaB3an, 
Po 3 aHOB, 1984; Po3aHOB, 1992; repacHMeHxo u dp., 1996 ). 

Ila.rieoreorpa<J>HH 

<I>oc4)opHTBi XyScyryjiBCKoro Gaccenna bccmh HCCJie,qoBaTeji5iMH 
accoiiHHpyioTca c wopcxHMH OTJio>KeiiH5iMiT. O naJieoreorpa(J>HHecxoH oOcTaHOBxe 
BpeMeHH hx HaxonjTeHHH 6 bijih ony6jiHxoBaHBi jocTaTOHHO npoTHBopenHBBie 
npeflCTaBjieHHB (Hjibhh, 1973; 1990; 3aftii;eB, 1982; 1992; Xhhihh,1982; EaM6a, 1987). 
Cxopee Bcero sto npoHCXo/Huio ot Toro, hto aBTopBi CTapaJiHCB npHiiopoBHTBca x 
Gbictpo MeHaBHiHMca Toraa TexTOHHnecxHM nocTpoeiinaM. H xota cerojjini ^ajiexo He 
Bee hcho, Bee >xe Ha6op (JjaicroB, 3HaHHTejiBHas nacTB kotopbix paHee BooSuje He 
npHHHMajiacB bo BHHMaHHe, no3BOJiaeT onncaTB jjocTaTOHiio BepoaTHyio xapTHHy 
6acceHHa, b xotopom nponcxoAHJio (jjocfJjaTOHaxonjieHHe. 

Pezuouajibuo-zeonozmecKue damme: (\) PaitoH pacnojioxeH b o6jiacTH 

.HOCTaTOHHO aXTHBHOH IiepHljjepHHCCKOH H3CTH Cn6lipCKOrO KpaTOHa. (2) I IpO.’iyKTIIBHaH 
TOJima (hjth xacaHCxaa cBHTa) moujhoctbio ot 350 ,ao 600 m BepoaTHce Bcero HMeeT 
TOMMOTCXHH B03paCT. OTJIOJKeHHa, OTHOCHMBie x aw6aHcxoMy apycy, HMeiOT 
MOIHHOCTB OXOJTO 2000m, X 60 T 0 MCX 0 My H TOHOHCXOMy - 500m. To-eCTB MOmHOCTB 
ocaAKOB HHyXHero xeMOpiia b Xy6cyryjiBcxoM 6accenHe oxojio 3000m; aHajiorHHHyio 
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MomHocTt HMeioT pa3pe3bi HH>KHero KeM6pHH Ha K)ro- 3 ana,ae Ch6hpckoh nnaT(J)opMW. 
(3) lIlHpHHa BblXO/JOB HH>KHeTO KeM6pHB B HCCJieAOBaHHOM paHOHe OKOJTO 80 KM, H 
nOCKOJTBKy 3TO AOCTaTOHHO npOCTafl CHHKJIHHaJIBHafl CTpyKTypa C OHeH h KpyTbIMH 
yrjiaMH, to urapniia toh nacra 6acceHHa, r^e npoHexoAHjio <J)oc(J)aTOHaKonJieHHe, He 
MoweT 6bitb MeHee 160 km. (4) no BceM npencTaBJieHHHM, cymecTByiomHM Ha 
ceroHHH, Ha ceBepo-3anane h ceBepo-BOCTOKe Xy6cyryjibCKHH 6acceftH npHMbrKaji k 
HByM noHHHTHHM - Myp3HHCKOMy h BocTOHHO-Xy6cyryiibCKOMy (HjibHH, 1973) h 
coo6majica MOKfly hhmh c 6accenHOM Ch6hpckoh njiaT(J)opMbi. Ha lore oh mot 
coe^HHaTbCK c npyrHMH 6accenHaMH Ajrrae-CaHHCKOH CKna,T i iaron o6jracTH h Khthh. 
(5) najieoMaruHTHbie ;iai n i i>i c , cTeneHb KoppeKTHOCTH KOTopbix He BbnbreaeT 
coMHeHHH, HMeiOTCH no ioro-BOCTOKy ChOhpckoh njiaT^opMbi (Kirschvink, Rozanov, 
1979; 1984; Kirschvink et al., 1991; Evans et al, 1996) h no ^aSxaHCKOH 30iie 
(Kirschvink et al., 1987). 3th zrainibie no3BOJunoT npe^nojiaraTb, hto o6a pernona 6biJiH 
pacnojioHceiibi b npe^enax oKBaTopnajibHoft 30hbi h paccTOflHHe MOKzjy hhmh 
B03M0>KH0 6bIJIH CeTOAHH npn6jIH3HTeJIbHO Te >Ke, HTO H B paillieM KeM6pHH. 

Euoreo?pa(\nmecKue u najieoiimonoemecKue dainibie. (\ ) Ha ypoBHe 

npoHyKTHBHOH naHKH BCTpenenbi o6HJibHbie HHTnaTbie HHaHo6aKTepHH, o6pa3yiomHe 

MaTbi, hto npenonpenenHeT o6pa30BaiiHe ocaAKOB b 4>OTHHecKOH 30He (nepBbie acchtkh 

MeTpoB niy6HHbi), a mnpoKoe pa3BHTHe mbtob yKa3biBaeT Ha AOCTaTonno cnoKOHHbie 

rHApoAHiiaMHHecKHe ycjioBHH. 06pamaeT na ce6a BiiHMaHHe oTcyrcTBHe HopManbHOH 

MopcKOH (J)ayHbi. (2) B neKOTopbix npocnoax Ha ttom ypoBiie ycTaHOBJieHbi aKpHTapxH 

((JjHTonjianKTOH) Tasmanites, Leosphaeridia h OAHOBpeMeHHO c hhmh aobojibho 

cneuHcJjHHecKHe h pa3Hoo6pa3Hbie Archaeooides. nocjieAHHe H3BecTHbi b IO>khom 
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KHTae h K)>khoh ABCTpaJiHH h CKopee Bcero yica3biBaioT Ha 3nH30,nHHecKHe io>KHbie 
cbh3h GacceHHa. ( 3 ) ^peBHeHmne TpHJio6HTbi (cepe^HHa aT,aa6ana) npe,n;cTaBjieHbi 
pOflaMH H ^a>KC IieKOTOpLIMH BH/jaMH, OHeHb THnHHHBIMH flJIH “ 3 anaflHbIx” pa3pe30B 

Ch6hpckoh ruiaT(l)opMbi (Xomchtobckhh, PenHHa, 1965 , Po3aHOB, Cokojiob, 1984 , 
PenHHa, Po 3 aHOB, pea., 1992 ). KpoMe Toro, 3th tphjio6htbi cBjnaHbi c 
HCKJiioHHTejibHO MenKOBOflHbiMH (J)auHHMH (PenHHa, 1982 ). ( 4 ) ApxeouHaTbi, 

oSHapyxceHHbie b OTjioxceHHax BTopon hojiobhhh axna6aHa h 6otombi - thhhhho AjiTae- 
CajfHCKHe (h aa>Ke 6ojree tohiio - TyBHHCKHe). ApxeopnaTOBO- BOflopocjieBBie 
6norepMbi - Taioice noKa3aTeJib MeJiKOBOflHOCTH. 

JJumonoeimecKiie damme. (1) J\na mhohhx nopoa, noflcrajiaiomHx 
npo^yKTHBiiyio nanxy, ^jih caMofi npoflyKTHBHoii naHKH h nepeKpbiBaiomnx nopozi 
nacTO xapaKTepHa TOHnattuiaa cjiohctoctb. B npojyKTHBHOH nanxe OHa coneTaeTca 
HHor^a c MHKpocTpoMaTOJiHTaMH. Flo flaHHbiM A.B. HjibHHa ( 1990 ) h 3.A.EraHOBa 
(IIlKOJibHHK, EaTypHH, ped., 1998 ) Ha ceBepe 6acceiiHa BCTpenaioTca Tpemnubi 
ycbixaHHa. BMecTe c TeM Ha nexoTopbix ypoBHax hmciotc» HeCojibume npocnon 
ayTHreinibix 6peKHHH hjih 6aM6yKOJiHCTHbix KOHrnoMepaTOB. Bee sto yKa3breaeT Ha 
MeJIKOBO^HblH, £OBOJIbHO CnOKOHHblH C rHJipOAHHaMHHeCKOH TOHKH 3peHH3 peXCHM 
oca/jKOHaKonjieHHa, HHoma npepbiBaBiHHHca jih6o uitopmobbimh coSbithamh, jih6o 
3 eMJieTpaceHHHMH (MopeTpaceHHHMH). (2) Xapanepno oTMenaeMoe bccmh oTcyTCTBHe 
niayKOHHTa, hto b coneTaHHH c apyrHMH npmnaKaMH (Ba/Sr) mcokct tobophtb o 
HecKOJibKO HapyuieHHOM cojicbom pexcHMe. (3) MHorne HccjiejioBaTejiH oTMenaioT 
HCKJHOHHTeJIbHO MaJIOe KOJIHHeCTBO TeppnreHHOH 4>paKUHH B nopo^ax (J)OC(|)aTOHOCHOH 
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TOJimH (Hjibhh, 1990; IIlKOJibHHK, BaTypHH, ped., 1998), hto MoaceT CBHjieTejibCTBOBaTb 
o neHenjieHH3auHH cyuiH, npHMbixaiomeH k ceBepo-BOCTOHiion nacTH 6accenHa. 

reoximunecKue damme . Haynemre reoxHMHnecKHx oco6eHHOCTeH (JioccfiopHTOB 
3Toro paiiOHa npoBOflHJiocb HeojjHOKpaTHO, ho ochobhoh aKperiT 6biJi c^ejiaH Ha 
reoxHMHHecKHe xapaicrepHCTHKH, CBa3aHHbie c npoMbnnjieHHbiM HcnoJib30BaHHeM 
(j>oc(J)opHTOB (coaepacaHHe S, Cu, Cr, Co, Ni, Pb, Ba h t.ji.). C tohkh 3peHHH 
Hcnojib 30 BaHHH (J)oc(J)ophtob XyScyryjibCKoro (J)oc(J)opHTOBoro Oacceftna b xanecTBe 
’’Mo^ejibHoro o6beKTa” Moryr, oflHaxo, npe^cTaBJiHTb HHTepec HexoTopbie jiaHHbie no 
C opr ; Sr, Ba, Nd. 

C opr OSbiHHbie coflepacaHHH C opr b (f)oc(f)opHTax oica3biBaeTca flOCTaTOHHO 
hh 3 khmh (0,34-1,5 %), xoth b paae cjiynaeB yKaabiBaiOTca 3HaneHH5i jjo 1,65%. (Hjibhh, 
E»M6a, 1980). B to BpeMH bo BMemaiomHx npo^yKTHBHbie ropH 30 HTbi flOJiOMHTax h 
H 3 BecTHHKax coflepacHTCfl oObiHHO 1,04 - 1,44 %. B uejioM, co^epacaHHe C opr b 
xy6cyryjibCKHX cf)oc(|)opHTax 3HaHHTenbHO Bbirne, neM b KapaTaycKHX (Ka3axciaH), rjje 
coxpaHHOCTb 6aKTepHajibHbix ocTaTKOB 3HaHHTenbHO xyace. 

Sr. Kax yxa3biBaioT A.B. Hjibhh h )K.EaM6a (1980), K.A.HnxHcjjopoB h /ip. 
(1995), co/jepacaHHa CTpoHinia xoporno xoppejinpyeTca c cojiepacaHHeM P 2 0 5 T.e 
noBbimeHHe co^epacaHHa Sr cBJBaHO c noBbnneHHeM cojjepacamia P 2 0 5 . Cpe^ime 
co^epacaHHa Sr - 0,05-0,06 %. 

Ba. CoflepacaHHe 6apna b <|)oc(j)opHTax jiocTaTOMiio bbicoxo (cpe/pree 1 400 t/t) h 
b 3HaHHTejibHOH Mepe xoppejinpyeTca c co^epacaiiHeM Sr. CooTHomemre CTpoHiina h 
6apna xojie6jieTca b xaHaBax ot 0,04 jjo 0,33, b CKBaaomax - ot 0,47 jjol,28 h, ecjin 
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BepnTb paccyflcneHHJiM o noKa3aTejie Sr/Ba, xapaKTeproyeT He BnojiHe HopMajibHbie 
(onpecHeHHtie) MopcKHe ycjioBHa. 

Nd. BectMa HiixepecHbie, xota h He SexycnoBUbie AaiiHbie 6 turn nojiyneHbi 
B.H.BHHorpaHOBbiM h A.O. JlyicaHHHbiM (1994) npn HccjieAOBaroiH H30TonHoro 
cocTaBa HeoflHMa b 4>oc(J)opHTax XyScyryjia h BypeHxaHa. ABTopti yTBepxc^aioT, hto 
H30TonHtiH cocTaB HeoAHMa cepte3HO OTjiHHaeTca Ha 3thx abvx rpynnax 
MecTopoacaeHHH, pacnoAoxceHHbix apyr ot Apyra Ha paccTOjniHH 100 km, h tobopht o 
tom, hto XyScyryjibCKHH OacceiiH (hjih nacTb Saccemia) nHTajiacb 3a cneT ApeoiieH 
CHajiHHecKOH Kopbi c npe^nojioxcHTejTbHbiM B03pacT0M okojio 2,2 MJipA. neT, a 
BypeHxaHCKHH 6acceftH - 3a cneT moaoaoh KOHTHHeHrajibHOH Kopw (~ 0,8 MJipA act) 
hjih cMemaHHoro BenjecTBa KOHTHHeHTajibiion h oKeaHHHecKon xop. 

TaKHM o6pa30M, HaH6ojiee BeposTHbiM ABAaeTca npeAnoJioxceHHe, hto pan oh 
Xy6cyryAbCKoro 6acceftHa npeACTaBAJM co6oio b momcht naKonnemisi ({joccjiopirroB 
HeKHH 6accettH THna 3ajiHBa, a BpeMeHaMH npoAHBa, oneiib MejiKOBOAJioro, o6biHHO c 
naccHBHOH rHApoAHHaMHKott, ho BpeMeHaMH HapyinaBinettca 3eMJieTpiiceHHXMH h 
MopeTpflceHHHMH. OcHOBHbiM npoAyiicirroM opraHHHecKoro BeipecTBa 6buiH 
HHaHoOaKTepnaAbHbie Mara. OKpyxcaiomaa cyina 6bma chabho neHenAeHe3HpoBaHa. 
CeBepHbie ynacTKH cviiih Obijih cjroxceHbi b ochobhom nopoAaMH KOHTHHeHTajibHoii 
KOpbl, B TO BpCMS KaK B K»KHOH H3CTH nOHBJIJHOTCJI OJieMeHTbl OKeaHHHeCKOH KOpbl. 


44 



XapaKTepiicTHKa xy6cyryjn»CKoii 6iiotli 


“Xy6cyry^bCKaa” 6noTa 6buia npeACTaBJieHa Bepojrnio b ochobhom 
coo6mecTBOM uHaHoGaKTepnajibHoro MaTa, KOTopbiH coxpaHHJica b (j)oc(j>opHTax b BHAe 
MHKpOCTpOMaTOJTHTOB, MHKpOOOJIHTOB H MHKpOIKeJIBaKOB. OoCJieAHHe, no HaiHHM 
Ha6jno^eHH5iM, pe3KO npeo6jiaAaiOT. Pa3Mep MHicpoxcejiBaxoB o6biMHO acchtkh hjth 
cotiih MHKpoH. Ka k npaBHJio b mu K pO/KC.iiiaKax HaGjilOAaeTca coMCianne HHTHaTtix 
(})OpM C pa3HbIM flHaMeTpOM HHTeH H (j)OpM OKpyTJIOTO, BepeTeHOBHflHOrO H 
ranTejieBHflHoro ra6HTyca. BepoiiTHO, y>kc ceioiac moxcho otjihhhtb KpucTaJiJiBi 
(J)oc(})aTa (McKay, Rozanov, Hoover, 1998) b h Ha cTemcax UHaHo6aKTepHft ot 
nccB/ioMop({)03 no nypnypubiM (?) n hhbim 6aKTepn«M MaTa. 

KapTHiia, naSmo^aeMaH b Xy6cyryjibCKnx (JioctfiopnTax (oKpy>Kenne nnT i iaTbix 
nuaiioSaKTepHn MHoroHHCJieHHbiMH 6aKTepHajibHbiMH KJieTKaMn), THnnnua AJ th 
coBpeMeinibix uHano6aKTepHajibHbix MaTOB. npHMepoM MOXceT cjiyxorTb ranocjiHJibHbiH 
MaT, r^e k BepxneMy cjtoio UHaHo6aKTepHH CHH3y HenocpeACTBemio npnMbiKaeT 
Momnbin cjioh nypnypubix 6aKTepnn H3 poaob Thiocapsa (kokkohaubic kjtctkh) hjih 
Chromatium (obohahbic kjictkh). npn MHHepajnnarpra nepBbix o6pa3yiOTca 
rjio6yjiapiibie, a BTopbix - raiiTeneBHAHbie cTpyicrypbT. 3th 6aKTepnn b cnjiy 
MiiororpannocTH o6Mena (cnoco6nocTH k pocTy b a3po6iibix h aHa3po6Hbix ycjiOBHax) 
BbinoanaiOT 3amHTHyiO (j)yilKHHIO B MaTe. OkHCJIHH (JlOTOCHHTeTHHeCKHM KHCJTOpOAOM 
opraHHHecKne BemecTBa, KOTopbie BbiAeJimoTCH UHaHo6aKTepnaMH xax npn xothih Tax 
h nocjie cMepTH, nypnypubie 6aKTepnn 3ainHii|aioT ot KHCJiopoAa HH>Keiie/Kainne cjioh 
MaTa, r^e paaBiieaioTca cTporne aHa3po6bi, cynbcJiaTpeAyKTopbi h MeTaHoreHbi. 
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reHe3HC <J)OC(|>OpHTOB 


Mhoto pa3HornacHH HMeeTca h no noBo^y reHe3nca n hctohhhkob (J)oc4)opa b 
X y6cyryjibCKHX 4>oc(J)opHTax. 

no MHeHHio A.B.HjibHHa (1973; 1990) (JjopMnpoBaHne 4 )0C( 1 )0 P HT0B 

nponcxoanno nocpe^CTBOM Bbin anemia hx b ocanox H3 nazmonnbix boa ( a He 
nopoBbix), TO-ecTb xhmhhcckhm (opTOXHMHnecjKHM) nyTeM. OnuaKO b nocae/men 
pa6oTe Hjibhh (Ilyin, 1998) Ha ocHOBe myneHna pacnpocrpanennH penK03eMeabHbix 
ajieMeiiTOB npnxojiHT k BbiBo^y, hto 4>oc4>op b anamiTeabiioH cTeneHH BbinanaeT Ha 
rpaHHue ocanoK/Bona. nocTynjieHHe (Jioccjiopa oh CB«3biBaeT c pa3pyineHHeM xop 
BbiBeTpHBaHHa h nocjreayfouiHM nepeoTJiOHceHHeM nponyKTOB pa3pyineHH». Ty >Ke 
TOHKy 3peHHa BbicKa3ajiH r.H.PaTHHKOBa (1982), H3yHHBmaa neTporpa(})HHecKHe 
oco6eHHOCTH Xy6cyryjibCKHx (})oc(J)ophtob, h M.II.CeMenKHH (1988). 

BjiH 3 Koro MHeHHa npnaep>KHBajTHCb A.JI. .Hhihhh h M.A.)KapKOB (1986), b 
HaKonjieHHH xy6cyryabCKHX (J)oc<j)opHTOB ocHOBHyio pojib ohh otbo/ihbh 

xeMoreHHOMy ocaacneHHK), a ochobhbtm hctohhhkom (J)oc<}>opa CHHTajm 
BynKaiioreimbin. 

Ctopohhhkom xeMoreHHoro (ByjncaHoreHHO-xeMoreHHoro) cnoco6a ocaxc^eHna 
xy6cyryjibCKHX (J)oc<J)opHTOB BbicTynaji h H.C.3aHijeB (1982; 1992). Ooc<J)op h 
conyTCTByiomnn eMy KpeMHe3eM no ero mhchhio mohih nocTynaTb b Mopcxoft 6accefiH 
C peHHBIMH BOflaMH H BMCCTe C nOHBO/IHLIMH ByjTKaHHHeCKHMH npo^yKTaMH H3 OoJTee 
hjth MeHee oxaajieHHbix oSaacTefi (HanpHMep, H3 ^hchahhckoh 30 hli). 

TK.BaMSa (1987) nncaa o 6noreHHO-jiHareHeTHqecKOM reHe3nce (J)oc(J)opHTOB. 

Oh CHHT3JI, HTO XOTH maBHblM HCTOHHHKOM (f)OC(})Opa B MnpOBOM OKeaHe 6bIH 
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KOHTHHeHTaJIbHblH CHOC, HO cj)OpMIipOBaHHe Xy6cyryJIbCKHX (J)OCcJ)OpHTOB 
ocymecTBjiHjiocb 6HoreHHbiM cnoco6oM. 

H, HaKoneu, pa6oTbi, npoBe^emibie b nocjie^HHe ro/ibi b IlajieoHTOJionniecKOM 
HHCTHTyre noKa3ajiH, hto Bee MejibHanmne 3epHa, H3 KOTopbix coctojit xy6cyryjibCKHe 
(J)occJ)opHTbi, npe/jcTaBJiaioT co 6 ok> MHKpoacejiBaKH (100-350 mkm b ^naMexpe), 
ccJjopMHpoBaiiHbie npn ynacTHH opraHH3MOB 6aKTepHajTbHOH opraHH3auHH, cxopee 
Bcero HHaHoSaKTepiiH h nypnypHbix Bo^opocjiett. Cpe/in hhx pe^KO BCTpeuaioTca 
njiaHKTOHHbie (J)opMbi - yace ynoMHHaBHiHecfl Archaeooides, Tasmanites. TTpeKpacHaH hx 
coxpaHHOCTb Bbi3biBaeT yjjHBJieHHe. Bee ohh, xax h HHano6aKTepHajibHbra MaT, coctoht 
H 3 (})oc4»aTa KajTbHHH h cxopee Bcero Toace 6buiH btophhho (J)oc<j)aTH3HpoBaHbi. B 
KeM6pHH H3BecTHbi aHajiorHHiibie (J)opMbi c opraHHHecKOH CTeHKOH (Kejurep, Po3aHOB, 
ped., 1979, Po3aHOB, )Kerajuio, 1989; Po3aHOB, 1992; Rozanov, Zhuravlev, 1992, 
TepacHMeHKO u dp., 1996 ). TaKHM o6pa30M, ^ocTaTOHHO Bepojrrao, hto b npH^OHiioh 
uacTH ({)oc(J)aTH3npoBajracb bch opraHHKa. 3 to no3BOJiHjio aBTopaM roBopHTb 06 
onpeAejiaiomeH pojin 6HOJiorHHecKoro (JmKTopa b reHe3Hce Xy6cyryjibCKHx 

(J)OC(J)OpHTOB. 

EjiH3Koe MHeHHe o npoHcxo)K^eHHH xy6cyryjibCKHX 4 >oc(})ophtob BbicKa3brBaioT 
B.H.XonoaoB (1987), IO.H.3aHHH (Mhptob u dp., 1987) h 3.A.EraH0B 
(niKOJibHHK,EaTypHH,/7ed., 1998). 

XapaKTepiicTiiKa npo^yKTiiBiioii tojiihii n ot’6op o6pa3poB. 

PlayHeHHbie o6pa3Hbi (J)oc(|)ophtob 6bum OToSpaHbi H3 npoflyKTHBHOft 
4)oc(J)ophtoboh navKH b ^Byx MecTopoac^eHHax: Xy6cyryjibCKOM h EypeHxaHCKOM. 
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Xy6cyryjii>CKoe MecTopoxcaeHue npoTaniBaeTca c ceBepa Ha lor bhohb 


3anaaHoro 6epera o3.Xy6cyryji. OcHOBHoe KoannecTBO ({)OC(j)opHTa b hcm 
cocpezioToneHO b cpeaHeft - npoayKTHBHOH - nanxe x3C3hckoh cbhtbi, o6HaxcaiomeHCH 
no 6opTaM Xscshckoh chhkjihh3jih. CoraacHO aaHHBiM HabHHa (1973, HaBHHa h 
Bhm6bi (1980), HHKH^opoBa h ap- (1996) oHa coctoht H3 HecKoaBKHX naacTOB 

4>OC(J)OpHTa, pa3aCaeiIHBIX (|)OC(})aTCOaep>KaTUHMH H 6eC({)0C(])aTHBIMH H3BeCTHXKaMH, 
floaoMHTaMH, KpeMHHCTBiMH flOJiOMHTaMH. Han6oaBuiee hhcho (J)0C(|)aTHBix naacTOB - 
/10 nflTH - BBMBUeHO Ha BOCTOHHOM KpBUie X3C3HCKOH CHHKaHHaaH. Ha OCTaHBHOH 
naomaan b othchbiibix nepeceuemwx iiacuHTBiBaeTca ana nan Tpn naacxa. Han6oaee 
BBi^epxcaHHBiM HBajnoTCH nepBBiH (hhxchhh) naacT mouhioctbio 10-13.0 m, kotopbih 
npocaeacHBaeTCH no Been cTpyKType Ha npoTaaceHun 36 km. Hhtbih (BepxHHfi) naacT 
MomHOCTBio 18,5 m npoTaruBaeTca Ha 18 km. /Jpyrae naacTBi, MomHOCTB kotop&ix 
Koae6aeTca ot 1,5 ao 6 m, nocTpoeHBi anmoBnano, rpaHHUBi naacTOB nocTenemiBie, 
naacTBi He BBiaepxcaHBi no npocrapaHHio h hx Koppeaanna aaxce no coceaniiM KaHaBaM 
3aTpyaHHTeaBHa. Hhxchhh naacx caoafeii uepHBiMH, nepHO-cepBiMH caoncTBiMH, 
aHH3OBHaHOCa0HCTBIMH Kap60HaTHBIMH ({)OC(})OpHTaMH. OoC(J)aT CKOIIHeHTpiTpOBail B 
npocaoax ToauiuHOH 1-2 cm nan o6pa3yeT pa3annHBie no BeananHe BBiaeaeHna 
HenpaBnaBHOH nan OKpyraon (j)op\n>i. B naacTax , aexcamnx BBnne, npeoonaaaiOT 
6peKHHCBBie (J)oc(J)OpHTBi, cocTamue H3 o6aoMKOB h ijibi6 (Jioc(})opHTOB h KpeMHen, 
3aKaioneHHBix b aoaoMHTOBOM neMeiiTe. BepxHHH naacT naHKH noBcioay cao/icen 
MeaK03epHHCTBIMH ({lOCfjlOpiITaMH Kap6oHaTHOrO H Kap6oHaTHO-KpeMHHCTOrO COCTaBa. 
Kap6oHaTHBie nopoaBi, pa3aeajnomHe (fiociJiopHTOBBie ropH30HTBi, mouhioctbio ot 5 ao 
30 m, HMeiOT cepBitt, xceaTOBaTo-cepBin, TeMiioceptm nan nonra uepHBin hbct, HHoraa 
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OHH 3aKJIK)HaiOT TOHKHe npOCJIOH HepHbIX KpeMHeft. .ZI.J1H H 3 BeCTHHKOB H flOJIOMHTOB 
xapaKTepua TOHKaa cjiohctoctb, nacTO HepoBHaa, oxaejibHBie cjiohkh Moiyr 
BbiKJiHHHBaTbca hjih nao6opoT pa3^yBaTbca Ha He6ojibuioM paccToaiinn, Ha6jnoAaeTca 
cpe3aHHe cjiohkob, ropH30HTbi pa3MHBa, BOJiHHCTbie cepnH, OKaTbiiHH; BCTpenaioTca 
ynacTKH 6aM6yKOJiHCTHbix KonraoMcpaTOB, MejiKHe cHHreHeTHHecKHe CKJiaAOHKH, 
6peKHHH H3 HenpaBHjibiioH (})opMbi o6jtomkob. 

H3yneHHbie o6pa3Ubi 6i»uih oTo6paHbi Ha ynacTKe IO/Khbih Outojiuk H3 
pa3BeAOHHbix KaHaB NaN® 7, 15 h 16, r;ie mctko npocjieacHBaioTca nepBbiH h naTbin 
njiacTbi 4>oc({)opHTOB. BbuiH npocMOTpeHbi o6pa3ijbi H3 o6ohx nnacTOB h H3 tohkhx 
npocjioeB (J)oc(j)opHTOB b Me>K(f)oc(})opHTOBOH naHKe. HaHfleHHbie najieoHTOJiorHHecKHe 
o6beKTbi bo Bcex cjiynaax hmciot oaho h Toace npoHCXoacACHHe. Hanjiynmaa 
coxpaHiiocTb Ha6;noAacTca b Kap6oHaTHbix (})oc<|)opHTax. 

EypeiixancKoe MecTopoacAeHHe pacnojiaraeTca b 75 km roacHee 03. Xy6cyry;i. 

3T0T paHOH nOBHAHMOMy BBJiaeTCa 06uiHpHbIM CJIOvKHO nOCTpOeHHbIM OCTailUOM 

n03AHeAOKeM6pHHCKHX H KeM6pHHCKHX nOpOA B KpOBJie KpynHbIX HHTpy3HH, ero 

cTpyKTypa Hapyiuena chjibhoh cKJiaAHaTOCTbio h pa3JiOMaMH. MHoroHHCJieHHbie 

BbIXOAbI nuaCTOB <|)OC(|)OpHTOB HaCTO H30JIHpOBaHbI Apyr OT Apyra H OpHeHTHpOBaHbT B 

caMbix pa3HJiHHHbix nanpaBJieHHax. 3Aecb, TaKace KaK Ha Xy6cyryjibCKOM 

MecTopo>KACHHH, BbiAeJiaioTca apacancKaa, xacoHCKaa h opxajmypcKaa cbhtbi. 

OciIOBHbie 3anaCbI (J)OC(j)OpHTOB COCpeAOTOHeHbl B X3C3HCKOH CBHTe B r0pH30HTC, 

jieacameM b 70-170 m Bbime ee ocHOBaHHa, b hcm HMeeTca ao ceMH nJiacTOB 

(})OC(j)OpHTOB, MOHtHOCTb OAHOTO H3 HHX AOCTHraeT 55 M. B OTJIHHHe OT 

XyScyryabCKoro na BypeHxaHCKOM MecTopoacAOHHH npeo6jiaAaiOT KpeMHHCTbie 
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4)OC(J)ophtbt, h ropa3flo MeHtuie pacnpocTpaHeHti KpeMHHCTo-Kap6oHaTHbie h 
KapSoHaTHbie paaHOcra. 06pa3m>i B35m>i b paftoHe noc.BypeHxaH H3 Kaptepa 1-ro 
ynacTKa H3 npoayKTHBHott naHKH. 

B o6meH cjicokhocth 6buto Hccjie^oBaHO 150 o6pa3uoB H3 Xy6cyryjn>CKoro 
MecTopo/K^cima h 25 o6pa3iioB H3 BypeHxaHCKoro MCCTopo>K^enHH. 

Raman pa6oia BbinonHeHa npH nojmep)KKe PoccHHCKoro (J)OHfla 
4>yHflaMeHTajibHbix HccneflOBaHHH - POOH - (npoeicra 96-04-48372, 96-05-64130, 96- 
64806, 97-05-65069 h 98-05-64765). 
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Explanation of the Photomicrographs 


06l>HCHeHIlH K ^)OTOrpa(J)HHM 


Figs. 1-13 - SEM photomicrographs of recent halophilic cyanobacterial mat 
consisting of filamentous, coccoidal and ovoidal cyanobacteria and purple bacteria forms 
and from the Cambrian Khubsugul phosphorites with phosphatized microorganisms that 
exhibit similar form and size to the recent cyanobacterial mat microorganisms. 


<I>iir.l-13 - HtDKe npuBO/piTca (J)OTorpa(J)HH, oaejiaHHbie c noMombio 
cKaimpyiomero oneKTpoHHoro MHKpocKona c o^hoh CTopoHti - coBpeMeHHoro 
rajTO(|mjibHoro u,HaHo6aKTepnajibHoro MaTa, cocToamero H3 HHTeBH^ribix, KOKKOH^Hbix 
h oBOH/^iibix (JiopM nnaHo6aKTepHH h H3 nypnypHbix 6aKTepuH, a c /ipyroH - 
KeM6pnHCKHX Xy6cyry;ibCKHx (jiocijiopHTOB, b KOTopbix npncyTCTByioT o6pa30BaHHJi 
no (jiopMe h no pa3MepaM onenb noxowne Ha opraHH3Mbi H3 coBpeMeHHoro 
UHaHo6aKTepnanbHoro MaTa. 
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Fig. la. Recent halophilic mat. The separate trichomes and trichome bundles of 
Microcoleus chthonoplastes ( FI. Dan.) Thur. 

Onr.la. CoBpeMeHHbiH ranocJwjibHbiii MaT. Microcoleus chthonoplastes 
(Fl.Dan.)Thur. npe.qcTaB.neH KaK OTflejibHbiMH hhthmh, Tax h b Btiqe 
TecHO nepenjieTaiomHxcJi xayroB. 


Fig. lb. The fragments of phosphatized cyanobacterial filaments of 
Syphonophycus (possible ancient analog of Microcoleus) from 
Khubsugul phosphorite. 

Our. lb. OpameHTbi (J)oc<J)aTH3HpoBaHHbix HHTeft UHaHo6aKTepnn 
Syphonophycus (BeposTHO, qpeBHnn aHajior Microcoleus) 113 
Xy6eyryjibCKHX 4)oec})opHTOB . 
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Fig.2a. Recent halophilic mat. The occurrence of many trichomes within a 


common sheath is characteristic of Microcoleus spp. 

®m\2a. CoBpcMeinibiH rajio(J)HjibHHH MaT. HecKOJibKO hhtch o^eTbi oahhm 
o6ntHM CJIH3HCTbIM HeXJIOM. 


Fig.2b. Phosphatized cyanobacterial filaments of Syphonophycus from Khubsugul 
phospho rite . 

<J>Hr.2b. <I>oc(|)aTH3HpoBaHHbie hhth unaHoSaKTepHH Syphonophycus H3 
Xy6cyryjibCKHx cJiociJiophtob. 
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Fig. 3a. Recent halophilic mat. Trichomes of Microcoleus chthonoplastes crawl 
from sheath. Individual cells can be seen. 

Onr.3a. CospeMeiiiiLiH rajio(|)n;iBHBiH MaT .“BbinojnaHHe” HHTeii (tphxomob) 
Microcoleus chthonoplsastes H3 cjironcToro nexjia. Ha TpHXOMax 
pa3JIHHHMBI OT^ejIbHbie KJieTKH. 


Fig.3b. Possible remains of sheaths with several cyanobacterial trichomes in 
Khubsugul phosphorite. 

<f>ur.3b. BepoHTHO, ocTaTKH nexjioB, 3 aKjnoHaBmnx no hcckojibko hhtch 
UHanobaKTepiiH H3 XybcyryjiBCKnx (})oc(j)opHTOB. 
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Fig.4a. Recent halophilic mat. Trichomes of Microcoleus and other cyanobacteria 
in the slime of cyanobacteria! mat from Sivash lagoon, Crimea. 

Onr.4a. CoBpeMeHHbin raJio4>HJibHBifi MaT . B cjih3h bhahbi hhth Microcoleus h 
.ztpyrne UHaHo6aKTepHH H3 u;HaHo6aKTepHajiBHoro MaTa, JiaryHa Cmam, 
KpBIM. 


Fig.4b. Phosphatized cyanobacteria Syphonophycus with filaments of different 
diameters from Khubsugul phosphorite. 

Onr.4b. <J>oc(J)aTH3HpoBaHHbie HHaHoGaKTepnn Syphonophycus c pa 3 HbiM 
/maMeTpoM hhtch H3 XyScyryjitcKHx (j)oc(])opnTOB. 
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Fig.5a. Recent alkaliphilic mat. Cells of alkaliphilic cyanobacterium 
Synechocystis salina Wisl. 

<J>nr.5a. C'oBpcMeiiHbiu mejionHon MaT. Kjictkh ajiKano^HJTbiiOH uHaHo6aKTepmi 
Synechocystus salina Wisl. 


Fig. 5b. Concentration of pseudomorphs of bacterial cells in Khubsuul 

phosphorite. 

®nr.5b. CKonnemie nceB^OMopcj)03 no 6aKTepnajibHbiM KjieTKaM H3 

Xy6cyryjibCKHx 4)0C(j)0pHT0B. 
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Fig.6a. Recent alkaliphilic mat (upper layer). Polymorphous cells of 
cyanobacterium Rhabdoderma lineare Schmidle et Laut., emend. Hollerb. 
Onr.6a. BepxHHH cjioh coBpeMeHHoro mejioHHoro MaTa. U,HaHo6aKTepHa 
Rhabdoderma lineare Schmidle et Laut., emend., Hollerb. c xapaKTepHMM 
JIJ1SI pOZta nOJTHMOp(J)H3MOM KJieTOK. 


Fig.6b. Concentration of pseudomorphs of phosphatized bacterial cells from 
Khubsugul phosphorite 

Our.6b. CKonneHue nceB^OMop4)03 no 6aKTepHajn>HBiM KJieTKaM H3 
Xy6cyrynBCKHx 4>oc(})ophtob. 
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Fig.7a. Recent halophilic mat. Purple bacteria Thiocapsa. 

Our. 7a. CoBpeMeHHbin rajio<j)HJibHbrit MaT. Cjioh nypnypHbix 6aicrepHH H3 po/ia 

Thiocaspa. 


Fig.7b. Concentration of pseudomorphs of bacterial cells (probably purple 
bacteria) from Khubsugul phosphorite. 

<t>Hr.7b. CKonneime nceB/toMop(})03 no 6aKTepnajibHbiM KJteTKaM, bo3mo>kho, 
nypnypHbix 6aKTepnn H3 Xy6cyryjibCKnx (])oc(})opHTOB. 
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Fig.8a. Beginning of mineralization of Microcoleus chthonoplastes in 
Laboratory. Some minerals and bacteria are seen near cell walls. 

Onr.8a. Ooc(f)aTH3aini5i hutch Microcoleus chthonoplastes b jia6opaTopHBix 
ycjioBHHx. MuHepajiimitna TpnxoMa naHHHacTCjr, xax npaBHjio, okojio 
KJ ieTOHHtix neperopo^OK, rae name Bcero nponcxo^HT noBpe>K/];eHHe 
KjieTOHHbix CTeHOK. 3^ecb OTMeneHO noHBJTeHHe 6aKTepHH. 


Fig. 8b. Phosphatized cyanobacterial filaments (at the left) and concentration of 
pseudomorphs of purple bacteria (?) (at the right) in Khubsugul 
phosphorite.. 

Onr.8b. Ooc4>aTH3HpoBaHHMe hhth n;HaHo6aKTepHH (cjieBa) h CKonnemre 
nceB^OMop4)03 no nypnypHHM SaKTepnaM (?) (cnpaBa) H3 
Xy6cyryjn>CKHx (JioccJiopHTOB. 
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Fig.9a. Different stages of phosphatization of trichomes of Microcoleus 
chthonoplastes : separate spherulites (in center), spherulite concentration 
(at the right) at the trichome surface; phosphatized sheath (at the top). 
0m\9a. Pa 3 JiHMHtie CTamiH 4>oc<j>aTH3aijHH HHTeir Microcoleus chthonoplastes; 
OTflejiBHLie rjro6yjibi (b ueinpe), cKOiuieHHe r;io6yji (|)0C(})aTa (cnpaBa), 
4>oc(|)aTH3aiiHa cjimncToro uexjia (BBepxy). 


Fig.9b. Phosphatized cyanobacterial filaments from Khubsugul. Individual 
fossilized cells (?) can be seen. 

0nr.9b. 0oc<j)aTH3HpoBaHHbie hhth uHaHo6aKTepHH H3 Xy6eyryjiBCKHx 
(J)Oc4)OpHTOB. Mo)KHO pa3J!HHHTB OTyteJIbHbie 4 )0C 4 )aTH3H P 0BaHHble 
KJieTKH (?). 
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Fig. 10a. Phosphatized sheaths of Microcoleus chthonoplastes without trichomes. 
There are some phosphate globules and microtubes at the surface of 
sheaths. 

<I>Hr.l0a. MuHepajifeHtie nexjibi (TpySKu) Microcoleus chthonoplastes, 
ocTaBinnecJi nocne Bbixo^a H3 hhx tphxomob. Ha noBepxHocTH bit^hbi 
oxneJiBHbie rjio6yjibi h MHKpoTpyOouKH (|>oc(})aTa Kajibuua. 


Fig. 10b. Phosphatized tubes from cyanobacteria and concentration of 
pseudomorphs of purple (?) bacteria (at the left) from Khubsugul 
phosphorite. 

(bur. 10b. Ooc([)aTii3HpoBaiiHbie Tpy6KH ot mraiioOaKTepHH h CKonjieime 
nceBaoMop<|)03 no nypnypHbiM (?) 6aKTepnaM (cneBa) b 
Xy6cyiy.ii.cKnx (J>oc<l>opinoB. ; : : 
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Fig. 11a. Mineralized trichome of Microcoleus chthonoplastes formed by 
phosphate globules and microtubes. 

d>Hr.lla. Ooc4>aTH3HpOBaHHi>iH Hexon Microcoleus chthonoplastes, coctohuihh 
H3 rjiobyji h MHKpoTpy6oueK (J)oc(J)aTa KajitnuH. 


Fig. lib. Thin polysaccharide fibrous structure of mucilaginous sheaths of 
cyanobacteria appearing under unfovorable conditions. 

Our. lib. ToHHaHiirae nojiHcaxapn/urbie (JmdpHJTJibi b cjih3h, B03HHKaK>men 
BOKpyr HHTett mianodaKTepnii npn He6jiaronpn»THbix ycjiOBHHX. 
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Fig.l lc. Microstructure of mineralized tubes: small mineral microtubes consist of 
spherulites in cross section with a hole in the center. 

Onr.l lc. MHKpocTpyKTypa MHHepajibHOH TpySouKH. TpyfioHKH coctoht H3 
oneiib MejiKHX rjio6yji, OKpy>Kaiomnx nojincaxapH^Hbie ({>h6phjijili. Flo 
hx ueiiTpy npoxoflHT nonaa ocb. 


Fig.l Id. Phosphatized tubes of cyanobacteria from Khubsugul phosphorite. It is 
possible to see very small tubes, possibly analogous to those in figs. 1 la 
and 1 lc. 

dmr.lld. Ooc(J)aTH3HpoBaHHbie TpyfiKH ot pnaHofiaKTepHH H3 Xy6cyryjibCKHX 
(f)OC(f)OpHTOB, Ha KOTOptlX BHflHbl MeKHe Tpy6oHKH, BCpOHTHO, 
aHanorHHHbie H3o6pa>KeHHbiM Ha (J>oto 1 la h 11c. 
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Fig. 12a. Phosphatized trichomes of thermophilic cyanobacterium Mastigocladus 
laminosus Cohn. Formation of phosphate macroglobules by small 
spherulites. 

Onr.l2a. OoccJjaTmanmr hhth TepMOtJwjibHOH unaHoSaKTepHu Mastigocladus 
laminosus Cohn. OxneJitHbie MHKporjio6yjn.i (})oc(})aTa, pa3pacTaacb, 
o6pa3yiOT rjio6yjibi 6ojibihhx pa3MepoB. 


Fig. 12b. Phosphatized bodies of cyanobacteria and bacteria from Khubsugul 
phosphorite. 

<t>Hi\12b. Tena unanodaKTepnH, 3aMemeHHue nceB£0M0p(j)03aMH no 6aKTepn»M, 
bo3mo>kho, nypnypHbiM H3 Xy6cyryjn>CKHx (})oc(J)ophtob. 
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Fig. 13a. Trichome bundles of Microcoleus chthonoplastes with a common 
sheath . There are some small trichome bacteria at the surface of sheath. 
Ohi\ 1 3a. )KryT H3 hcckojibkhx hutch Microcoleus chthonoplastes, OKpyjKeHHbm 
HHTHaTbIMH 6aKTepH«MH. 


Fig. 13b. Probable trichome bundles of Siphonophycus sp. in a common sheath 
from Khubsugul phosphorite. Other cyanobacterial filaments and 
possible hormogonia of cyanobacteria are seen. 

<t>Hr\ 13b. Pa3JIHHHbie THITbl (})OC(})aTH 3 HpOBaHHbIX MHKpOOpraHH3MOB H3 
XyficyryjibCKHX (J>oc<j)opHTOB, cpe^H KOTopbix pa 3 JiHHHMti rpynnbi 
5KiyroB unaHodaKTepHH Syphonophycus, aaKirroHenubie b o6mne nexjibi 
H, B03M0XCH0, ropMOTOHHH OT U,HaH 06 aKTepHH. 
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Figs 14-18 - SEM photomicrographs of recent halophilic cyanobacterial mat. 
Oiir.14-18 - SEM (Jxyrorpa^HH coBpeMeHHoro rajio<J)HJibHoro 

UHaHo6aKTepHajitHoro MaTa 


Fig. 14. Upper cyanobacterial layer of recent halophilic mat. The bundle of 
Microcoleus chthonoplastes consists of more than twenty trichomes within 
a thin common sheath. 

Ohi\14. BepxHHH irHaHobaKTepnaJitHbiH cjioh coBpeMeHHoro rajio4>nm>Horo 
MaTa. >Kry r Microcoleus chthonoplastes, coctohiuhh H3 Gojicc, hcm 20 
TpHXOMOB, OrreTBIX omioft TOHKOH CJTH3HCTOH MeCTEMH CKJiajJHaTOH 

o6ojioukoh. 


Fig.l 5. Recent halophilic mat. The buried layers of mat with the cysts of green 
algae Dunaliella salina Teod. 

Onr. 15. CoBpeMeHHbrir rajiocJjHJibHbiH MaT. 3axopoHeHHbie cjioh c ijHCTaMH 

3eneHOH BOflopocJiH Dunaliella salina Teod., Ha noBepxHOCTH KOTopbix 
BHjtHbi xapaxTepHbie 6yropKH. 
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Fig. 16. Thick bundles of Microcoleus can consist of different quantity of 
trichomes; a - many trichomes in sheath-on the outer part of the sheath 
several filamentous bacteria are seen; b - fewer quantity of trichomes in 
common sheath. 

<t>m\16. 5KryTti Microcoleus, cocTOJmtHe H3 pa3Horo KOJimiecTBa tphxomob: a- 
jio ^ecHTKa tphxomob b ootoh oGjiohkc; b - He6oJiBinoe kojthhcctbo 
TpHXOMOB B OflHOH 060 JI 0 HKe. 
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Fig. 17. Recent halophilic mat. The cysts of Dunaliella salina (at the right), and 
the crushed cells of purple bacteria Thiocapsa (at the left) near diatom 
cells. 

Onr. 1 7. CoBpeMeHTifeiH rajiocJmjibHBiH MaT. IfncTLi Dunaniella salina (cnpaBa) h 
CM^TBie KJieTKH rrypnynHOH 6aKTepnn Thiocapsa (cneBa) cpe^n ctbopok 
OTaTOMOBtix Bo^opocjien. 


Fig. 18. Mineralization of Microcoleus chthonoplastes. The formation of 
phosphate sediment. The mucilage at Microcoleus cells form mucilage 
crossspace. 

<J>nr. 18. <Doc(})aTH3anH5i Microcoleus chthonoplastes. OGpaioBanne oca^xa 
(J)oc(J)aTa Kajispna b BH^e rjio6yji h MHKpoTpy6oHeK. Cjih3b, 
noKpuBaiomas hhth unanoGaKTepnH, uacTO o6pa3yeT CBoeo6pa3Hbie 
nepeMbiHKH. 
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Figs. 19-27 - SEM photomicrographs of biomorph structures in Khubsugul phosphorites 
Our. 19-27 - SEM (J)OTorpa4)HH Shomop^hbix CTpyicryp b XyftcyryjibCKHX 
<j)OC(j)OpHTaX. 

The samples of Khubsugul phosphorites were studied both on broken and polished 
surfaces. The best results were obtained when the surfaces were treated with 3-7% acetic 
acid for 2-4 mini Treatment with 10% acetic acid for 24 h was used to isolate phosphate 
organic remains. The specimens remaining after the phosphorites dissolved were studied 
in addition to the treated or polished surfaces. The remains of plankton organisms were 
found. It is necessary to keep in mind, however, that the parameters of the treatment are 
averaged and an individual approach was required in each actual instance in order to 
obtain good results. In the treatment of samples calcium carbonate is removed from 
the surface as a rule and objects from calcium phosphate appear more convex in relief. 
As result they are white on the photographs, in contrast to the calcium carbonate objects, 
which are seen as black. 


Xy6cyryjitCKHe <})oc({)opHTbi mynajiHCb Ha CKOJiax, npmunH{{)OBKax hjih b nojinpoBKax. 
HaHjiynuiHe pe3yjibTaTbi 6mjih nojiyneHti npn AonojiHHTejibHOM rrpoTpaBJTHBaHHH nojinpoBaHHbix 
noBepxHocTeft 3 - 7 % cojuthoh khcjiotoh b TeneHHe 2-4 mhh. fljia BbiAejieHHfl HeKOTopbix 
(J)OC(J)aTH3HpoBaHHbix o6T>eKTOB npHMeHHJTOCb npoTpaBjiHBaHHe b TeneHHe 1 cyT. 10 % yxcycHofi 
khcjiotoh. KpoMe oTnojiHpoBaHHbix h nporpaBjieHHbix noBepxHOCTefi 6biji H3yneH TaKHce ocajjOK nocjie 
paCTBOpeHHH (J)OC(j)OpHTOB B 8 - 10 % yKCyCHOH KHCJIOTe, B KOTOpOM o6Hapy5KHJIHCb OCTaTKH 
({)OC<J)aTH3HpOBaHHbIX TTJiaHKTOHHbIX OpraHH3MOB. Hy>KHO HMCTL B BH^y, HTO napaMeTpbl o6pa6oTKH 
ycpejiHeHbi h b Ka>KAOM KOHKpeTHOM cjiynae ajth nojiyneHHB xopoiuero pe3yjibTaTa hco6xoahm 
HHAHBHAyaJIbETbTH ITOAXOA. TTpH ITpOTpaBJlHBaHHH 06pa3U0B (}>OC(})OpHTa C TIOBepXHOCTH Kap60HaT KaJlbUHK 
Kax npaBHjio yAaJiaeTCfl, b pe3yjibTaTe o6*beKTbi H3 (J)oc<j)aTa KajibijHH 0Ka3biBaK>TCfl 6ojiee BbinyicjibiMH h 
na c|)OTorpa(})HHX BbirjiHAHT cBeTjibiMH, a o6i>eKTbi H3 Kap6oHaTa KajibUHH, pacnojiaraiomHecji r^y6xce, Ha 
(})OTorpa(})HJix HMeiOT TeMHyio OKpacxy. 
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Fig. 19a. Fragment of phosphorite consisting of several micronodules. 

Our. 19a. y Macro k <J)occf)opHTa, coctohuthh H3 hcckojibkhx MHicpoacejiBaicoB ; 


Fig. 19b. One micronodule (microoncolite). 
<I>Hr.l9b. Ooth MHKpoxrejiBaK (mhkoohkojiht). 
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Fig. 19c. Fragment of one micronodule; central part of oncolite and concentric 
layers are made up of concentration of pseudomorphs of different types of 
bacteria, outlying at the left cyanobacterial filaments are seen between 
concentric layers; 

<f>m. 19c. YnacTOK MUKpotcejiBaKa; ncinpajTBuajr nacxb oHKonnxa h 
KoimeiiTpHHecKHe cjtoii cjto/Kchij cKonnenneM nceB^oMop(]io3 no 
pa3iioro mna 6aKxepHHM, no nepmjicpnn oiiKOJiHTa cJieBa MOK/iy 
KOimeilTpHHeCKHMH CH05IMH BHJtHBI HHTH HHaU 06 aKXepHH. 


Fig. 19d. Fragment of one micronodule; two different types, in form and size, of 
pseudomorphs of bacteria are shown. 

Onr.l9d. YnacxoK MHKpo/KeuBaKa; bh^hbi abc pa3;iHHHbix no tj>opMe n 
pa^MepaM MO,ztH(|)HKauHH nceBflOMop({)03 no 6aicxepH5iM. 
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Fig. 20a. Micronodule from phosphorite. In the center there are concentrations of 


pseudomorphs of bacteria, on outlying in the spaces between concentric 
layers the cyanobacterial filaments and pseudomorphs of bacteria are 
seen, concentric layers are made up of pseudomorphs after bacteria as 
well. 

Onr.20a. MnKpo>KejTBaK 113 (})oc(})opnTa. B uernpe naxo^iiTca CKonaeime 
nceBaoMopc})03 no SaKTepHJiM, no nepn(])epun b npocTpancTBax MOKny 
KOimeHTpnnecKHMH cjtohmh bh^hbi OT^ejiLHLie hhth nnano6aKTepnn 
n CKonneHHfl nceBfl0M0p(J)03 no SaxTepnaM, cumh KouneuTpnuecKne 
cjioh TO>Ke Cjio>kciili nceB,aoMop(j)03aMii no 6aKTepnHM. 

Fig 20b. The same, enlarged, outlying part. 

d>Hr.20b. To >xe, yBejinneno, nepncJjepnHecKaji nacTb. 


98 





99 


Fig.21a. Fragment of cyanobacterial mat from phosphorite. 
Onr.21a. ynacTOK UHaHobaKTepnajibHoro MaTa H3 <J)occf)opHTa; 


Fig.21b. The same, enlarged. The tubes from two types cyanobacteria with 
different diameter and morphology; probably from purple bacteria are 
seen well. 

<I>Hr.21b. To >Ke, yBeamieno. Xopomo bhahbi Tpy6ior HHauo6aKTepun anyx 
BHaOB C pa3HBIM aHaMCTpOM H CKOnJieHHH nceBaOMOp(J)03, B03M0>KH0, 
no nypnypHLiM 6aKTepuHM. 
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Fig.22a. Fragment of cyanobacterial mat from phosphorite. 
Onr.22a. YnacTOK nnanoSaKTepHajibHoro MaTa H3 (|)oc(|)opnTa. 


Fig.22b. The same, enlarged; at the right cyanobacteria filaments with different 
diameter ( two types) are clearly seen, at the centre - concentration of 
pseudomorphs probably of purple bacteria. 

Onr.22b. To >Ke, yBejinneHo. CnpaBa xoporno bh^hbi Tpy6KH unaHo6aKTepHH 
^Byx bh^ob pa3JTHnaiomHecji no BeunHHHe /maMCTpa, b uerrrpc - 
CKonjieHHfl nceBAOMopcJjos, bo3mo>kho, no nypnypntiM 6aKTepnaM. 
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Fig.23a. Fragment of cyanobacterial mat from phosphorite. 
<J>Hr.23a. YnacTOK UHaHoSaKTepnajiBHoro MaTa H3 ^oc({)opHTa. 


Fig.23b. The same, enlarged. 
Onr.23b. To *e, yBeJinneHO. 
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Fig.24a. Micronodule from phosphorite. In the centre there are concentrations of 
pseudomorphs of possible purple bacteria; on outlying region the 
cyanobactcrial filaments are seen. Hollow space between central and 
outer parts is connected with dissolution in time of sample preparation. 

Onr.24a. MnKpoxcejTBaK H3 cJiociJiopHTa. B uempe naxo^HTca CKormemie 
nceB^0M0p(|)03, bo3mo>kho, no nypnypiiLiM 6aKTepnjiM; no nepmJiepHH 
bh,o;hi>i OT/iejiBirwe hhth UHaiioSaKTcpHH. nojioe npocTpaHCTBO Meaqty 
peHTpajibHOH nacTbio n BHeniHHM KpaeM CBinano c pacTBopeHneM 
Kap6oHaTa b xo/ie noaroTOBKn npenapaTa. 


Fig.24b. The same, enlarged, outlying part. 

Onr.24b. To >Ke, yBeJinneHO, nepn^epHnecKaa nacTb. 
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Fig.25a. Fragment of phosphorite with cyanobacteria filaments probably in life 
been in one sheath, and with pseudomorphs after bacteria. 

Onr.25a. YnacTOK 4>oc(|)opHTa c TpyfiKaMH nnaiio6aKTepHH, bo3mo>i<iio, 
HaXO/tHBmHMHCa B OflHOM CJIH3HCT0M HeXJie, H CKOnneHHHMH 
nceB^0M0p4)03 no 6aKTepH»M. 


Fig.25b. The same, enlarged. 
d>m\25b. To xce, yBejinneHo. 
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Fig.26a. Fragment of cyanobacterial mat from phosphorite. 
Onr.26a. YnacTOK ijHaHo6aKTepHajibHoro MaTa H3 (j)oc(JjopHTa. 


Fig.26b. The same, enlarged; cyanobacteria filaments with different diameters ( 
two types) are seen as well as possible hormogonia. 

<f>nr.26b. To >Ke, yBejumeHo; xoporno bh^hbi hhth pHano6aKTepHH pa 3 Horo 
AnaMeTpa (^Ba run a) h OTflejibHbie ropMoroHHH (?). 
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Fig.27a. Micronodule from phosphorite with cavity from cyanobacteria filaments 
or from its concentrations. Matrix consists of pseudomorphs probably of 
purple bacteria. 

Our. 27a. Muicpo'/KennaK H3 (jjoccjiopirra, c iiojiocthmh ot TpyfioK nuauoGaiacpHii 
HJIH OT HX CKOnjieHHH. MaTpHKC COCTOHT H3 nceBflOMOp<})03, B03M0>KH0, 
no nypnyputiM 6aKTepnBM. 


Fig.27b. The same, enlarged. 
Onr.27b. To xce, yBejmueHO. 
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Figs. 28-52. - SEM photomicrographs with different types of preservation of 
cyanobacterial filaments and bacteriomorph bodies from Khubsugul phosphorites. 

<J>nr. 28-52 - SEM (}ioTorpac])HH c pa3JiHHH6iMH TirnaMH coxpaHHOCTH HHTuarax 
HHanoGaKTepHH h SaKTepnoMopcJmsix xea b Xy6cyryjibCKiix 4>oc(j)opHTax 


Fig.28a. Micronodules in phosphorite. 
<I>Hr.28a. MmcpoxcejiBaKH b 4>oc(|)opHTe. 


Fig.28b. One micronodule 
<I>Hr.28b. O^hh MHKpoxcejiBaK. 
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Fig.28c. The same, enlarged, showing many hormogonia (?). 

<J>hi\28c. To >Ke, yBeimneHO, mohcho BimeTb CKonjienne ropMoroHHH (?). 


Fig.28d. The same, enlarged, showing cyanobacteriaol filament. 

<t>nr.28d. To >kc, yBejinneHO, bh^hbi 4 )OC 4 )aTH3H P OBaHHI>ie <]) HJiaMeHTW 
UiiaHoSaKTepHH h o6uihh hcxoji. 
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Fig.29a. Micronodule consisting entirely of cyanobacteria filaments (?). 

Onr.29a. MHKpo>KejiBaK H3 ^occ^opHTa, HapeJio cjimKeHHtm 
(J)OC(J)aTH3HpOBaHHI>IMH Tpy6KaMH HHanofiaKTepHH (?). 


Fig.29b. The same, enlarged. 
Onr.29b. To >Ke, yBejirmeHO. 
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Fig.30. Micronodule from phosphatized cyanobacterial mat with cyanobacteria 
tubes. 

Onr.30. MmcpoaceJiBaic H3 4)oc(j)aTH3HpoBaHHoro unauo6aKTepHajiLiioro MaTa c 
TpySicaMH UHaHoGaKTepuH. 


Fig.31a. Phosphatized coccoidal mat. 

Onr.31a. Ooc<|)aTH3HpoBaHHBm kokkohotbih MaT. 
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Fig.3 lb. Phosphatized coccoidal mat, enlarged. 

d>Hr.31b. Ooc4)aTH3HpOBaHHtIH KOKKOHJtHMH MaT, yBeJIHHCHO. 


Fig.3 lc. The same, enlarged. 
<J>hi\31c. To )Ke; yBennneHo. 
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Fig.32. Micronodule from concentration of pseudomorphs of bacteria and with 
cavities from cyanobacteria filaments. 

Onr.32. MHKpoHcejiBatc, CJiOEceHHBift CKonjieimeM nceBflOMop(J)03 no 6aKTepn«M, 
BHOTBI nOJIOCTH OT HHTeH HHaHoSaKTCpHH. 


Fig.33. Micronodule from pseudomorphs of bacteria and with cavities from 
cyanobacteria filaments. 

Onr.33. MmcpoacejiBaK, cjioKeHHtin cKonneHneM nceB^oMop4>o3 no 6aKTepn5iM, 

BHflHLI nOJIOCTH OT HHTeH HHaiiodaKTepHH. 
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Fig.34. Different types preservation of cyanobacteria filaments and 
pseudomorphs of purple (?) bacteria. 

<t»nr.34. Pa3JTHUHBie THITBI COXpaHHOCTH UIiaH 06 aKTepHH B BHfle OT,ZteJIBHBIX 
HHTeH HJIH HX CB5I30K H nCeBfl0M0p(J)03BI no nj^pnypHBIM (?) 6aKTepH5IM. 


Fig.35. Preservation of cyanobacteria filaments and pseudomorphs of purple 
bacteria (at the right). 

fhnr.35. CoxpaHHOCTB hutch u;HaHo6aKTepHH h nypnypHBix SaKTepHH (cnpaBa). 
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Fig.36. Fragment of cyanobacterial mat. 
Ohi\36. YnacTOK uHaHoSaKTepnajitHoro MaTa. 


Fig. 37. Fragment of cyanobacterial mat. 
Onr.37. YnacTOK rpiaHo6aKTepHajri>Horo MaTa. 
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Fig.38. Pseudomorphs of purple bacteria and cyanobacteria filaments replaced 
by purple bacteria. 

Onr.38. riceB,noMop4>03bi no nypnypHbiM GaicTepnaM h hhth uHanoGaKTepHH, 
Taioice 3aMemeHHbie nypnypubiM h GaKTepnaMH. 


Fig. 39. Pseudomorphs of purple bacteria and cyanobacteria filaments replaced 
by purple bacteria. 

<t>Hr.39. riceB/ioMop({)03Bi no nypnypHbiM GaKTepnaM n hhth uHaHo6aKTepnH, 
TaiOKe 3aMeuteHHbie nypnypHbiMH GaKTepnaMH. 
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Fig.40a. Type of preservation of cyanobacterial mat. 
Onr.40a. Tnn coxpaHHOCTH iiHaHo6aKTepHajiLHoro MaTa. 


Fig.40b. The same, enlarged. 
<l>Hr.40b. To >Ke, yBemmeHO. 
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Fig.40c. The same, enlarged. 
Our. 40c. To >fce, yBeJinneiio. 


Fig.41. Type of preservation of cyanobacterial filaments and purple bacteria. 
Onr.41. Tun coxpaHHOCTH HHTeir mtaHo6aKTepHH h nypnypiiLix 6aKTepnii. 
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Fig. 42a. Type of preservation of cyanobacterial mat. 
<E>m\42a. Tnn coxpaHHOCTH imaHoSaKTepnajiLHoro MaTa. 


Fig.. 42b. The same, enlarged. 
d>nr.42b. To >Ke, yBejinneHO. 
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Fig.43a. Type of preservation of cyanobacterial filaments. 
Onr.43a. Tnn eoxpaHHOCTH hhtch u;HaHo6aKTepHH. 


Fig.43b. The same, enlarged. 
Onr.43b. To >i<e, yBejinneHO. 
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Fig.44. Type of preservation of cyanobacterial mat. The hollow tubes are from 
cyanobacteria. 

Onr.44. Tun coxpaHiiocTH imaiTo6aKTepnajn>Horo MaTa, nojii.ie Tpy6KH - 
nonocra ot uHaHo6aKTepHH. 


Fig.45. Type of preservation of cyanobacterial mat and pseudomorphs of purple(?) 
bacteria concentration. 

d>«r.45. Tun coxpaHHocTH UHaHoSaKTepnajiBHoro MaTa h cKornierraa 
nceB^OMop(j)03 nn nypnypiibiM (?) SaKTepnaM. 
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Fig.46. Type of preservation of coccoidal mat. 
Onr.46. Tnn coxpaHHOCTH KOKKOHflHoro MaTa. 


Fig.47. Microstromatolite, thin section, (magnification 5x). In lower part - thin 
bedding phosphorite stromatolite. 

d>m\47. MnKpocTpoMaTOJTHT, uijihiJ) (yBejnmeHne 5x.). B imxoreH nacTH (Jioto - 
TOIIKOCJIOHCTblh (|)OC(f)OpHTOBI>IH CTpOMaTOJIHT. 
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Fig.48a. Phosphatized tube from cyanobacteria. 
<3>Hr.48a. Oocc})aTH3HpoBaHHa5i TpySxa mraHo6aKTepHH. 


Fig.48b. Dumpbell-like pseudomorphs of bacteria in the upper part of the tube 
near it inner surface. 

Our. 48b. r airreneBJT/iHbic nceB^OMop(})03ti no oaKTepuaMH b BepxHen uacni 
Tpy6KH p«;iom c ee BuyTpeHHen noBepxiiocTLio; 
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Fig.48c. Semi-amorphous calcium phosphate on the outer part of the tube. 
Ohi\48c. I IojiyaMop(})in>iH (jioctjjaT Kan&uHs, cjiararomuft CTeHKy Tpy6KH 
CHapyacH 


Fig.48d. The same, enlarged. 
Onr.48d. To >Ke, yBennueHO. 
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Fig.49a. Fragment of micronodule with well crystalized calcium phosphate. 
<J>Hr\49a. YnacTOK MHKpoxcejiBaKa c xopomo pacKpHCTajunmBaHHMM 4>oc(J)aTOM 

KajibiiHH. 


Fig.49b. The same, enlarged. 
<J>m\49b. To >Ke, yBeJinneHO. 
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Fig. 50a. Fragment with radial placed cyanobacterial (?) filaments. Calcium 
carbonate crystals are around. 

Onr.50a. YnacTOK c pa^najibHO pacnojiaraiomnMHca hhthmh (?) uHaHo6aKTepim. 
BoKpyr HaxoaaTCH KpucTajurti KapfioiraTa Kajituna. 


Fig.50b. The same, enlarged; it is seen the replacement of cyanobacterial (?) 
filaments by purple bacteria, 

Onr.50b. To >i<e, 3aMemeHne hhtch (?) itnaHo6aKTepHH nceBflOMop4>o3aMH no 
nypnypnbiM 6aKTepn«M. 
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Fig.51 . Structure of cyanobacterial mat is seen on 10-15 microns of depth. 
Concentration of pseudomorphs of purple bacteria and cyanobacteria 
filaments, replaced by purple bacteria as well. 

<J>nr.51. KoHCTpyKUHH HHaHoOaKTepnajiBHoro MaTa Ha niySHHy 10-15 mhkpoh. 
Macca H3 nceB^oMop4)03 no nypnypHBiM 6aKTepHHM, cpe^n KOTopott 
bhjihbi hhth ijHaHo6aKTepHH, 3aMemeHHBie nypnypHtiMH 6aKTepnaMH. 
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lOpm 1500X 


Fig.52. Concentration of pseudomorphs of purple bacteria with hollow tube from 
cyanobacteria filament. It is seen that the thickness of filament wall is 
equal to those of one layer of purple bacteria replaced it. 

Onr. 52. Macca H3 nceBflOMop<|)03 no nypnypHtiM fiaKTepwrM c nonou Tpy6Kon 
OT HHTH IUUlHOGaKTepii H. Bh^HO, HTO TOailUUta CTeHKH hhth paBHa 
TonmuHe ojqioro cjioh 3aMecTHBUiHx ee nypnypHbix 6aKTepuH. 
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Figs. 53-55 - SEM photographs of organic remains from Khubsugul phosphorites 
Onr.53-55 - SEM 4)OTorpa4)HH opraHimecKnx ocTaTKOB H3 Xy6cyryjn>CKHX 

(J)0C<i>0pHT0B 


Fig.53. Obruchevella delicata Reitlinger, 1948; (Burenkhan); a - entire specimen; 
b - fragment, enlarged; the replacement of the wall by pseudomorphs of 
coccoidal bacteria is seen. 

Onr.53. Obruchevella delicata Reitlinger, 1948; (EypeHxaH); a - nojim>m 
3 K 3 eMnjiap; b - (JjparMeHT, yBejmneHo; bh^ho 3aMemeHHe cxemcH 
nceB^OMop4>03aMH no kokkoh^hbim SaKTepnaM. 
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Fig.54. Obruchevella delicata Reitlinger, 1948; (Khubsugul); a - entire specimen; 
b - fragment, enlarged; the replacement of the wall by pseudomorphs of 
purple bacteria is seen. 

d>Hr.54. Obruchevella delicata Reitlinger, 1948; (Xy6cyryji); a - noJiHtift 
OK-JCMiinap; b - (j)parMCHT, yBCJimieiio; im/tno 3aMememie ctchkh 
nceB^OMopc{)03aMH no nypnypHtiM 6aKTepna\i. 



Fig.55. Spirellus columnaris Jiang, 1982; (Khubsugul); a - entire specimen; b 
fragment, enlarged. 

cbnr.55. Spirellus columnaris Jiang, 1982 (Xy6cyryji); a - iiojihmh 3 K 3 eMnjiap; b 
(J)parMeiiT, yBCJimieno. 
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Figs. 56-61 - Photomicrographs of ancient cyanobacteria from Khubsugul phosphorites in 
thin sections. 

Our. 56-61 - OoTorpa([)HH .npeBiinx itnaHobaKTepHH H3 Xy6cyryjibCKHX ({loccJioprrroB b 
npo3paHHbix nuiH(|)ax 


Figs. 56 & 57 

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994; 
b - Syphonophycus robustum (Schopf, 1968) Knoll et al , 1991; 
c - Syphonophycus septatum (Schopf, 1968) Knoll et al. , 1991. Magnification 
llOOx. 

Our. 56 & 57. EyKB&i na cfiOTorpafjiHflX othochtch k: 
a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994; 
b - Syphonophycus robustum (Schopf, 1968) Knoll et al, 1991; 
c - Syphonophycus septatum (Schopf, 1968) Knoll et al, 1991. YBejinnenne 
1100 x. 
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Figs.58 & 59 


a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994; 
b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991; 
c - Syphonophycus septatum (Schopf, 1968) Knoll et al, 1991. Magnification 

llOOx. 


Om\ 58 & 59. EyKBti Ha 4>OTorpa4>H5LX OTiiocjrrca k: 
a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994; 
b - Syphonophycus robustum (Schopf, 1968) Knoll et al, 1991; 
c - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. Y Bcmmciuie 
1100 x. 
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Figs. 60 & 61 

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994; 
b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991; 
c - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. Magnification 
llOOx. 


d>Hr. 60 & 61 EyKBbi Ha (jDOTorpacJmax othochtch k: 
a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994; 
b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991; 
c - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. YBeJiHHeHHe 
1100 x. 
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